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THE  SMELTING  OF  COPPER  ORES  IN  THE  ELECTRIC 

FURNACE. 


Bt  Dobset  a.  Lyon  and  Robebt  M.  Keeney. 


INTRODUCTION. 

This  buUetin  is  one  of  a  series  dealing  with  the  application  of  the 
electric  furnace  to  the  smelting  of  ores  and  the  manufacture  of  alloys, 
and  is  published  by  the  Bureau  of  Mines  in  the  endeavor  to  increase 
efficiency  in  metallurgical  processes. 

The  bulletin  presents,  first,  a  critical  discussion  of  the  possibility 
of  smelting  copper  ores  in  the  electric  furnace;  second,  the  results  of 
the  experimental  work  of  other  investigators  on  the  electric  smelting 
of  copper;  third,  the  results  of  experiments  by  the  authors  on  the 
electric  smelting  of  native  copper  concentrates  and  sulphide  copper 
ores;  and,  fourth,  a  comparison  of  the  electric  furnace  with  the  blast 
furnace  and  reverberatory  furnace  for  copper  smelting. 

Before  considering  the  electric  smelting  of  copper  ores  the  reader 
should  understand  that  the  electric  furnace  was  not  developed  as  a 
competitor  of  the  combustion  furnace,  but  for  the  purpose  of  doing 
high-temperature  work  that  can  not  be  done  in  the  combustion 
furnace,  and  for  the  treatment  of  ores  from  deposits  that  are  in 
re^ons  where  fuel  is  scarce  and  costly  but  hydroelectric  power  is 
comparatively  cheap,  as  in  Chile,  and  in  certain  parts  of  Canada, 
the  United  States,  and  Mexico. 

Furthermore,  it  is  not  the  object  of  this  report  to  try  to  prove  that 
the  electric  furnace  should  replace  the  reverberatory  or  the  blast 
furnace,  as  used  at  present  in  smelting  copper  ores,  but  to  show 
that  the  electric  furnace  may  be  used  with  advantage  in  localities 
inrhere  conditions  are  not  favorable  to  the  use  of  the  reverberatory  or 
the  blast  furnace. 

For  example,  otherwise  valuable  ore  deposits  may  be  situated  in  a 
district  so  remote  from,  or  inaccessible  by,  railway  that  the  cost  of  get- 
ting coke  for  smelting,  or  of  transporting  the  ore  to  a  smelter,  is  pro- 
hibitive. If  there  is  sufficient  water  power  at  hand,  from  which 
electric  power  can  be  developed  at  a  reasonable  cost,  and  this  electric 
power  is  used  for  smelting  the  ore  in  an  electric  furnace,  with  subse- 
quent bessemerizing,  if  necessary,  the  concentrated  product  may  be 
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valuable  enough  to  render  treatment  of  the  ore  possible.  Or,  the 
deposits  may  be  accessible  by  railroad  and  yet  the  cost  of  fuel  may  be 
too  great  for  smelting  by  the  ordinary  methods,  whereas,  on  the  other 
hand,  hydroelectric  power  can  be  developed  in  the  district  at  a  low 
cost.  By  the  use  of  the  electric  furnace  such  ores  may  be  smelted 
cheaply  enough  to  make  their  treatment  feasible. 

The  possibilities  being  as  stated,  a  brief  comparative  study  of 
the  problem  is  presented  for  the  purpose  of  aiding  those  interested 
in  the  subject  in  determining  whether  it  would  be  possible  metallurgi- 
cally,  and  feasible  commercially,  to  use  the  electric  furnace  in  those 
localities  where,  by  reason  of  costly  fuel,  the  cost  of  operating  a  rever- 
beratory  or  blast  furnace  for  smelting  copper  ores  is  either  excessive 
or  prohibitive. 

The  main  points  to  be  considered  regarding  the  electric  smelting  of 
copper  ores  are  whether  the  ores  can  be  treated  as  successfully  in  an 
eleietric  furnace  as  in  a  combustion  furnace,  and  if  so,  whether  they 
can  be  smelted  at  a  reasonable  cost. 

CHEMISTRY  OF  COPPER  SMELTING. 

The  objects  sought  in  copper  smelting  may  be  summarized  as 
follows:  (1)  To  concentrate  the  copper  into  metal  carrying  any 
precious  metals  that  may  be  present,  if  a  native  copper  or  an  oxide 
ore  is  to  be  smelted,  or  into  a  matte,  if  a  sulphide  ore  is  to  be  treated, 
and  (2)  to  remove,  as  slag,  the  excess  of  iron  and  gangue  materials. 

In  general,  there  are  three  classes  of  ores  that  have  to  be  con- 
sidered in  copper  smelting,  namely,  native  copper,  the  oxides,  sili- 
cates, ^d  carbonates,  and  sulphide  ores. 

SMELTING  OF  NATIVE  COPPER  ORES. 

From  the  manner  of  occurrence  of  native  copper,  the  smelting  of 
native  copper,  or  a  native  copper  concentrate,  resolves  itself  into  the 
melting  of  the  ore,  or  concentrate,  and  the  separation  of  the  metallic 
copper  from  the  gangue  through  the  difference  in  their  specific 
gravities.  After  removal, of  the  slag  a  further  refining  of  the  Black 
copper  obtained  from  the  melting  is  necessary.  The  smelting  of 
native  ore  is  the  simplest  form  of  copper  smelting.  The  electric 
furnace  is  especially  adapted  to  simple  melting  in  a  neutral  atmos- 
phere, and  appears  to  have  p€«*ticular  application  in  this  phase  of 
copper  smelting,  especially  the  smelting  of  fine  concentrates,  as 
shown  by  recent  experiments  of  the  writers. 

SMELTING  OF  OXIDE,  CARBONATE,  OR  SILICATE  ORES. 

The  process  of  smelting  oxide,  carbonate,  or  silicate  ores  of  copper 
consists  simply  in  melting  the  ores  in  the  blast  furnace  with  coke, 
thus  reducing  them  to  metallic  copper.     The  separation  of  the  slag 
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and  metal  is  an  important  feature  of  the  process  and  the  supply  of 
coke  must  be  carefully  regulated  to  prevent  reduction  of  iron  by  any 
excess  carbon.  The  furnace  atmosphere  is  reducing  and  not  neutral. 
Such  an  atmosphere  is  easily  obtainable  in  the  electric  furnace^  and 
it  is  used  in  the  electric  smelting  of  iron.  The  experiments  of  Stephan; 
to  be  described  later,  also  show  the  possibility  of  using  a  reducing 
atmosphere  in  the  electric  furnace. 

SMELTING  OF  SULPHIDE  ORES. 

The  smelting  of  sulphide  ores  presents  additional  complications. 
In  order  to  concentrate  the  copper  and  any  precious  metals  into  a 
matte,  it  is  first  necessary  to  eliminate  from  the  ore  the  sulphur,  or 
as  much  of  it  as  may  be  necessary,  in  order  to  obtain  the  desired 
results,  and  to  cause  the  resultant  oxides  to  imite  with  silica,  which 
may  either  be  present  in  the  ore  or  may  be  added,  preferably  in  the 
form  of  siliceous  ore,  to  make  a  slag. 

BEMOVAL  OF   SITLFHUB. 

•  As  pointed  out  by  Peters,**  when  fused  in  a  reducing  atmosphere 
certain  of  the  sulphides,  such  as  CujS,  FeS,  PbS,  etc.,  melt  down 
without  change,  while  the  very  common  and  important  mineral, 
pyrite,  loses  about  one  half  of  its  sulphur,  which  is  driven  off  as 
sulphur  in  the  shape  of  yellowish  fumes,  which  will  deposit  a  coating 
of  brimstone  on  a  cool  surface. 
Peters  also  states  that — 

The  only  two  sulphides  of  much  interest  to  the  metallurgist,  which  lose  a  portion 
of  their  sulphur  by  heat  alone  in  the  manner  just  described,  are  (1)  pyrite  (FeSa), 
which  is  assumed  to  lose  one-half  Of  its  contents  in  sulphur  by  mere  heating  without 
air;  and  (2)  chalcopyrite  (Ou2S.Fe3S8)  which  (as  generally  assumed  by  metallurgists) 
is  Gomposed  of  one-third  copper,  one-third  iron,  and  one-third  sulphur,  and  loses 
(by  melting  without  air)  one-third  of  its  sulphur,  or  one-ninth  of  i)^  entire  weight. 

This  quotation  is  given  in  order  to  sh6w  clearly  and  concisely  that 
there  would  be  no  object  in  simply  melting  sulphide  ores  in  an  electric 
furnace.  That  is,  if  this  were  done,  only  an  altered  form  of  the  ore 
would  result,  somewhat  concentrated,  to  be  sure,  through  the  loss 
of  the  elemental  sulphur,  but  not  concentrated  enough. 

BESULTS   OF  SMELTING  RAW   SULPHIDE   OEE   IN  A   BLAST   FURNACE. 

Peters  gives  the  following  example  in  order  to  illustrate  the  con- 
centration effected  by  smelting  in  a  blast  furnace: 

AflBume  that  you  wish  to  smelt  XOO  pounds  of  a  sulphide  ore  containing  no  earthy 
gangue  zeck,  and  consisting  solely  of  a  mixture  of  pyrite,  chalcopyrite,  and  a  little 
galena.  It  assays  35  ounces  silver  per  ton  and  carries  6  per  cent  copper  and  4  per 
cent  lead.  Neglect  for  the  moment  the  inevitable  metal  losses  in  smelting,  and  assume 
(as  the  practical  metallurgist  generally  does)  that  the  pyrite  consists  of  one-half 

•  Pet«s,  E.  D.,  Prfnoiples  of  copper  smelting,  1007,  p.  100. 
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iion  and  one-half  sulphur,  and  that  chAlcopyrite  conBists  of  one-third  each  of  copper, 
iron,  and  sulphur. 

He  then  makes  the  necessary  calculations  to  determine  the  weight 
of  the  matte  that  would  be  produced  if  this  ore  were  to  be  smelted 
in  a  blast  furnace,  and  from  the  results  obtained  constructs  the  fol- 
lowing table: 

Theoretical  weight  of  matte  produced  by  smelting  100  pounds  of  mixed  sulphides. 


Mineralogical 
oomposition  of 


ore. 


Pyrite 

Coalcopyrite 
Qalena 

Total.. 


Wright 
of  ore. 

Chemical  composition  of  ore. 

Loss  by 
smelt- 
ing (S). 

Remaming  to  form  matte. 

Fe. 

Cu. 

B. 

Pb. 

Fe. 

Cu. 

B. 

Pb. 

Lbs. 
71.31^ 
18.00 
4.64 

Lbs. 
38.68 
6.00 

Lbs. 
*"'6.*66" 

Lbs. 
38. 6S 
6.00 
.64 

Lbs. 

Lbs. 
19.34 
2.00 

Lbs. 
38.68 
6.00 

Lbs. 
6.06" 

Lbs. 

19.34 

4.00 

.64 

Lbs. 
'4.*66' 

100.00 

21.34 

44.68 

6.00 

23.98 

4.00 

Total 
weight 

matte. 


Lbs. 
58.02 
16.00 
4.64 

78.66 


As  stated  by  Peters,  this  calculation  shows  that  if  100  pounds  of 
mixed  sulphides  were  to  be  smelted  in  the  blast  furnace  the  matte 
would  weigh  78.66  pounds,  or  a  concentration  of  100-5-78.66  =  1.27 
would  be  obtained,  and  only  1.27  tons  of  ore  would  be  smelted  into  1 
ton  of  matte,  which  is  an  unsatisfactory  and  unprofitable  degree  of 
concentration. 

METHODS  OF  SMELTING  SULPHIDE  OBES. 

Such  being  the  case,  the  smelting  of  sulphide  copper  ores  resolves 
itseK  into  one  of  the  three  following  meth9ds,  or  a  combination  of 
them,  in  order  to  effect  the  removal  of  sulphur  and  a  desirable  con- 
centration : 

(1)  Oxides  and  sulphides  are  mixed  in  such  proportions  that  the 
reactions  necessary  to  effect  the  desired  degree  of  concentration 
will  take  place. 

(2)  Sulphide  ores  are  roasted,  thus  converting  them  into  oxides, 
or  partly  so,  depending  on  the  degree  to  which  the  roasting  is  curried 
out,  and  are  then  melted  in  a  suitable  furnace.  By  the  preliminary 
removal  of  sulphur  to  the  desired  degree,  the  excess  iron  and  the 
gangue  materials  present  may  then  be  eUminated  in  the  furnace  as 
slag,  for  it  is  to  be  remembered  that  sulphur  which  is  present  in  the 
charge  during  the  melting  will  combine  with  the  copper,  and  that  any 
sulphur  in  excess  of  the  amount  necessary  to  satisfy  the  copper  will 
unite  with  the  iron;  the  remainder  of  the  iron  present  as  iroii  oxide 
(FeO)  will  unite  with  silica  to  form  sli^.  The  concentration  of  the 
copper  and  precious  metak  into  a  matte  is  thus  brought  about. 

(3)  As  roasting  the  ore  is  an  additional  step  in  the  process  of  con- 
centration it  is  to  be  avoided  if  possible,  and  the  desired  oxidation 
of  the  sulphides  accomplished  in  the  blast  furnace  by  means  of  the 


REVEBBEKATORY   COPPER  SMELTING.  11 

oxygen  of  the  cdr  that  is  forced  into  the  furnace  through  the  tuydres. 
This  is  what  the  modem  copper  blast  furnace  does;  it  combines  the 
fanctioDs  of  roasting  and  smelting.  In  other  words,  it  oxidizes  and 
smelts  simultaneously,  and  also  utilizes  the  heat  that  is  generated  by 
the  oxidation  of  the  sulphur  and  iron.  This  utilization  of  the  heat 
generated  by  the  oxidation  of  the  iron  and  sulphur  is  termed  pyritic 
smelting,  although,  as  will  be  shown  later,  true  pyritic  smelting 
involves  the  smelting  of  sulphide  ores  solely  by  the  heat  arising  from 
their  own  oxidation,  without  the  addition  of  any  carbonaceous  fuel. 

REACTIONS  IN  THE   BLAST  FURNACE. 

In  order  to  illustrate  what  takes  place  in  a  blast  furnace  smelting 
sulphide  ores,  assume  that  the  charge  is  made  up  of  silica,  pyrite,  and 
chdcopyrite.  The  shaft  may  be  divided  into  two  zones,  namely,  the 
preheating  zone,  and  the  oxidation  and  fusion  zone,  it  being  under- 
stood, of  course,  that  there  is  no  sharp  line  of  demarcation  between 
the  two. 

Reactions  in  preJiecUing  zone. — ^The  behavior  of  the  main  constituents 
of  the  chaise  in  passing  through  the  preheating  zone  is  as  follows: 

(1)  Silica  (SiOa)  remains  imaltered. 

(2)  Chalcopyrite  (CujS.FejSg)  loses  about  one-fourth  of  its  sulphur 
as  elemental  sulphur  and  becomes  a  mixture  of  CujS  and  FcS. 

(3)  Pyrite  (FeS,)  loses  about  one-half  of  its  sulphur  and  becomes 
FeS  and  then,  finally,  Fe.FeS. 

Reactions  in  oridaiion  and  fusion  zone. — ^The  reactions  that  take 
place  in  the  oxidation  and  fusion  zone  are  as  follows: 

(1)  Chalcopyrite  (CujS  and  FeS  compound)  melts  as  soon  as  it 
has  descended  to  a  point  where  the  temperature  is  high  enough,  a 
comparatively  moderate  temperature. 

(2)  The  sulphur  in  the  pyrite  (Fe.FeS  compoxmd)  is  partly  burned 
by  the  oxygen  of  the  blast  to  SO^.  That  which  remains  imbumed  from 
lack  of  oxygen  passes  through  the  oxidizing  zone  and  enters  the  matte. 

REVERBERATORY  COPPER  SMELTING. 

The  objects  sought  and  the  methods  used  in  the  smelting  of  copper 
ores  have  been  outlined.  The  next  point  to  be  considered  is  the 
manner  in  which  the  smelting  of  copper  ores  is  conducted. 

Inasmuch  as  copper  ores  are  smelted  in  one  of  two  ways — that  is, 
either  in  a  reverberatory  or  in  a  blast  furnace — it  will  first  be  necessary 
to  ascertain  if  the  conditions  essential  for  the  successful  conduct  of 
these  two  methods  can  be  attained  in  the  electric  furnace. 

As  stated  by  Peters,* ''  the  one  fundamental  and  preeminent  duty  of 
the  reverberatory  type  of  furnace  is  to  produce  a  smelting  tempera- 
ture so  that  the  ore  may  become  liquid,  and  thus  be  able  to  separate 

•  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  170. 
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into  slag  and  matte."  As  regards  this  discussion,  the  reverberatory 
furnace  is  used  for  the  smelting  of  ores  and  concentrates  that  can 
not  be  successfully  treated  in  a  blast  furnace.    As  Peters  has  shown: 

The  manner  in  which  the  heat  from  the  fuel  is  applied  in  the  reverberatory  method 
of  smelting,  though  much  improved  in  modem  practice,  is  a  peculiarly  wasteful  one, 
as  the  mere  rapid  passing  of  a  flame  over  the  surface  of  a  layer  of  ore  resting  upon  a 
comparatively  cool  hearth  is  a  particularly  incomplete  way  of  transferring  heat  from 
the  flame  to  the  ore  particles,  especially  as  the  latter  are  usually  poor  conductors 
of  heat. 

.The  very  large  surface  of  walls,  arch,  flue,  stack  lining,  etc.,  is  in  just  as  favorable 
a  position  for  being  smelted  as  is  the  ore  itself,  and  in  spite  of  its  refractory  composition, 
needs  frequent  repairs  and  renewals. 

Such  a  method  could  only  originate  in  a  district  possessing  cheap  flaming  coal  and 
inexpensive  refractory  materials,  and  Swansea  (where  the  process  originated)  has  these 
in  abundance. 

The  reverberatory  process  is  but  little  complicated  by  the  active  extraneous  agents 
which  exert  so  marked  an  effect  upon  the  chemistry  of  the  blast-furnace  smelting  of 
roasted  ores,  and  the  pyrite  smelting  of  sulphide  ores,  namely,  carbon  in  the  one  case 
and  oxygen  in  the  other. 

Speaking  in  a  broad  general  sense  the  ore  in  the  reverberatory  smelting  furnace  is 
subjected  to  neither  of  these  influences  to  any  marked  degree,  and  it  is  thus  enabled  to 
work  out  its  own  salvation  under  the  influence  of  heat  alone.  Such  chemical  reaction 
as  takes  place  in  the  ore  mass  during  the  smelting  results  almost  entirely  from  the  behav- 
ior of  substances  already  contained  in  the  ore  and  is  affected  by  the  mutual  action  of 
the  various  constituents  of  the  charge  itself.  This  renders  the  chemical  part  of  ^ the 
operation  unusually  simple  and  enables  the  smelter  to  concentrate  his  effort^  upon 
developing  the  high  temperature  essential  to  the  complete  fusion  of  the  ore. 

SUBSTITUTION  OF  THE  ELECTRIC  FURNACE   FOR  THE 

REVERBERATORY  FURNACE. 

If,  then,  as  Peters  states,  ^ '  the  proper  function  of  the  reverberatory 
furnace,  in  smelting  copper  ores,  is  to  generate  heat  as  rapidly  as 
possible,' '  there  is  no  apparent  reason  why  copper  ores  can  not  be 
smelted  equally  well  in  an  electric  furnace,  and  perhaps  even  more 
advantageously;  for,  as  pointed  out  by  Peters,  and  as  is  well  known, 
the  thermal  efficiency  of  the  average  reverberatory  furnace  is  only  5  to 
8  per' cent,  although  an  efficiency  of  about  20  per  cent  is  obtained  in 
the  large  reverberatory  furnaces  at  Anaconda,  whereas  an  electric 
furnace  for  smelting  copper  ores  that  are  suitable  for  reverberatory 
smelting  would  probably  have  an  efficiency  of  70  per  cent.  Chemi- 
cally, the  only  possible  disadvantage  in  the  use  of  such  a  furnace 
would  be  the  effect  of  the  carbon  of  the  electrodes  upon  the  iron 
oxide  in  the  charge  with  which  the  electrodes  might  come  in 
contact,  and  which  would  result  in  (1)  the  loss  of  electrode;  (2)  the 
production  of  metallic  iron,  which,  if  metallic  copper  was  desired, 
would  cause  a  low-grade  product,  and  increase  the  cost  of  refining,  or 
if  a  matte  was  desired  might  necessitate  reconcentration;  and  (3)  the 
loss  of  electrical  energy,  due  to  the  additional  heat  consumed  if  there 
were  much  reduction  of  iron  by  the  carbon  of  the  electrodes. 
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As  tbe  reverberatory  furnace^  whether  used  for  smelting  sulphide; 
oxidized,  or  native  copper  ores,  is  essentially  a  means  of  melting,  for 
comparison  with  the*  reverberatory,  the  results  obtained  in  the 
smelting  of  native  copper  ores  in  the  electric  furnace  will  serve  to 
clear  up  for  sulphide  or  oxide  ores  the  three  points  above  mentioned — 
namely,  the  loss  of  electrodes,  the  production  of  metallic  iron,  and  the 
loss  of  electric  energy. 

The  slags  would  be  somewhat  similar  in  each  case.  The  atmosphere 
of  an  electric  smelting  furnace  charged  with  sulphide  ore  would  not 
be  as  neutral  as  that  of  an  electric  furnace  charged  with  native 
copper  ore,  because  the  liberation  of  sulphur  and  the  formation  of 
sulphur  dioxide  tend  to  dilute  the  air  and  to  reduce  its  oxygen 
content,  making  it  sufficiently  reducing  to  prevent  the  consumption 
of  the  electrodes  by  oxidation.  If  the  electric  furnace  was  not  kept 
closed,  considerable  sulphur  dioxide  might  be  formed,  which  would 
possibly  be  reduced  in  part  by  the  carbon  of  the  electrodes.  Even 
with  any  reduction  of  sulphur  dioxide  the  electrode  consumption 
would  be  probably  less  for  sulphide  ores  than  for  native  copper  ores. 
The  results  of  experiments  by  the  authors  confirm  this  statement.  In 
a  furnace  charged  with  native  copper  concentrates  of  the  grade  given 
in  Table  2,  the  maximum  electrode  consumption  in  14  experi- 
ments was  48  pounds  of  graphitized  carbon  per  ton  of  charge,  the 
minimum  was  22.1  pounds,  and  the  average  was  34.5  pounds.  In  the 
same  furnace,  with  mixtures  of  sulphide,  oxide,  and  siliceous  ores,  a 
matte  being  the  product,  the  maximum  electrode  consumption  for  20 
runs'was  60  pounds,  the  minimum  was  10.8  pounds,  and  the  average 
was  23.3  pounds. 

SMELTING  OF  NATIVE  COPPER  ORES. 

METAUiURGICAL  PRACTICE  AT  MICHIGAN  SMELTERS. 

Copper  smelting  practice  in  Michigan  differs  considerably  from 
that  of  smelters  in  the  Western  States,  in  that  instead  of  the  produc- 
tion of  matte  and  eventually  blister  copper  from  sulphide  ore,  copper  <* 
is  produced  directly  by  melting  concentrates  and  masses  containing 
native  metallic  copper.  The  black  copper  obtained  is  subsequently 
refined,  and  the  slags  obtained  during  the  operation  are  resmelted. 

COKOENTBATtOK  METHODS. 

The  concenti^ates  are  obtained  from  the  concentration  of  conglom- 
erate or  amygdaloid  ores.  Before  concentration  these  ores  contain 
from  1  to  3  per  cent  of  copper  and  some  native  silver.  The  amygda^- 
loid  is  high  in  silica,  whereas  the  conglomerate  contains  more  iron 
than  silica.     The  Tnilling  treatment  preliminary  to  smelting  consists 

«  CoosQt,  H.  D.,  Copper  maelting  In  Michigan:  School  of  Mines  Quart.,  vol.  32, 191 1,  p.  285;  Canadian 
Engjneer,  vol.  21 ,  1911,  p.  246. 
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of  crushing  with  breakers  and  steam  stamps  or  Hardinge  mills  and 
concentration  on  jigs  and  tables  until  a  coarse  concentrate  is  obtained 
containing  60  to  80  per  cent  copper.  Most  of  the  coarse  native  silver 
is  removed  in  concentration.  Large  masses  of  copper  are  cleaned  of 
gangue  and  smelted  directly.  At  one  smelter  these  concentrates  were 
separated  into  three  grades  :<*  No.  0,  mass  copper,  containing  from  65 
to  70  per  cent  copper;  No.  1,  coarse  concentrate  and  some  mortar 
dischaige,  averaging  about  75  per  cent  copper;  and  No.  2,  fine  con- 
centrate, containing  10  to  35  per  cent  copper.  This  research  was 
conducted  on  material  resembling  the  No.  2  grade. 

SMELTING  PBOCEDUBS. 

There  are  two  general  methods  of  procedure  in  smelting  these  con- 
centrates. In  one  method  the  mass  copper  and  coarse  concentrate 
are  charged  into  a  reverberatoiy  furnace  and  melted  down  without  any 
fluxes;  the  slag  is  skimmed  off  as  fast  as  it  is  formed  and  the  copper 
tapped  into  another  reverberatory  furnace  for  refining.  In  the  second 
method  melting  and  refining  are  carried  on  in  the  same  furnace. 
Formerly  the  fine  concentrate,  No.  2,  was  mixed  with  lime  and 
briquetted  for  smelting  in  the  blast  furnace,  but  now  at  some  smelters 
this  material  is  first  agglomerated  in  a  reverberatory  furnace  and 
later  smelted  in  the  blast  furnace. 

Up  to  1904  the  largest  reverberatory  melting  furnaces  in  operation 
in  the  district  had  a  hearth  area  of  17  by  28  feet  and  a  capacity  of 
200,000  pounds  per  charge,  which,  because  of  the  cycle  of  operation, 
is  practically  the  capacity  for  24  hours.*  At  present  furnaces  are  in 
use  having  a  hearth  area  of  16  feet  by  35  feet  and  a  capacity  of 
300,000  pounds  per  charge.  The  largest  reverberatory  refining  fur- 
naces have  a  hearth  13  feet  wide  by  17  feet  long. 

METHOD   OF   OPERATING   REVERBERATORY  FURNACE. 

The  cycle  of  operation  in  smdting  native  ore  is  as  follows: 
A  reverberatory  furnace  is  charged,  say,  at  4  p.  m.,  with  concen- 
trates and  mass  copper.  After  slag  begins  to  form  the  charge  is 
skimmed,  every  2  hours  for  a  period  of  15  hours,  after  which  the  bath 
is  oxidized  by  blowing  air  on  it  or  into  it  with  an  iron  pipe  as  a 
carrier  or  tuyfere.  This  oxidation  removes  arsenic  and  other  impu- 
rities and  oxidizes  some  of  the  copper  to  suboxide  of  copper,  CujO. 
The  molten  bath  at  this  time  contains  about  95  per  cent  of  metallic 
copper  and  about  5  per  cent  of  cuprous  oxide.  The  oxide  is  then 
reduced  by  poling  with  green  Avood  and  charcoal.  Casting  is  com- 
menced about  1  p.  m.  and  finished  about  3.  p.  hi.  The  furnace  is 
repaired  if  necessary  and  is  ready  for  the  next  charge  at  4  p.  m. 

a  The  western  metallurgical  field;  copper  smelting  in  Michigan:  Met.  and  Chem.  Eng.,  vol.  11, 1913, p.  12. 
b  Austin,  L.  S.,  Recent  copper  smelting  at  Lake  Suiwrior:  Eng.  and  Min.  Jour.,  vol.  81,  Jan.  13,  iyo6, 
p.  83. 
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The  completion  of  the  process  of  oxidizing  with  air  is  determined 
bj  the  electrical  conductivity  and  fracture  of  a  test  piece.  Copper 
refined  from  native  copper  concentrates  must  be  coarsely  crystalline 
to  have  a  conductivity  of  100  per  cent,  whereas  electrolytic  copper 
of  100  per  cent  conductivity  may  be  only  finely  granular.  Poling  is 
complete  when  a  test  button  of  the  metal  sets  with  a  level  surface. 

TREATMENT  OF  SLAOS   FROM  FURNACE. 

The  slags  from  the  reverberatory  furnace  have  a  very  high  copper 
content,  but  if  an  attempt  is  made  to  reduce  it  the  purity  of  the 
product  is  impaired.  The  slags  have  to  be  retreated  in  any  case, 
so  the  percentage  of  copper  in  them  makes  Kttle  diflference.  Rever- 
beratory slags  contain  from  10  to  30  per  cent  copper,  the  content 
being  higher  toward  the  end  of  the  skimming  process.  Slag  from 
amygdaloid  ore  is  acid  and  contains  40  per  cent  SiO,  and  20  per  cent 
FeO,  whereas  slag  from  conglomerate  ore  is  basic  and  contains  25 
per  cent  SiO,  and  45  per  cent  FeO. 

These  reverberatory  slags  are  remelted  in  a  low^-pressuro  blast  fur- 
nace with  anthracite  coal  or  coke  as  reducing  agent  and  fuel,  and 
limestone,  iron  oxide,  or  silica  as  a  flux.  The  furnace  is  run  with  a 
slag  containing  33  per  cent  SiOj,  33  per  cent  FeO,  and  20  per  cent 
CaO,  which  is  a  fusible  and  Uquid  slag.  The  slag  runs  continuously 
from  the  furnace  and  contains  0.6  to  0.8  per  cent  copper.  If  the 
production  of  a  cleaner  slag  is  attempted  the  iron  content  of  the 
product  is  increased,  owing  to  the  extra  reducing  material  and  higher 
temperature  used.  The  metal  produced  contains  90  to  95  per  cent 
copper  and  is  retreated  in  a  reverberatory  furnace. 

The  blast  furnace  is  rectangular  in  cross  section,  being  40  to  48 
inches  wide  at  the  tuySres  and  8  to  12  feet  long.  The  crucible  is 
lined  with  fire  brick  incased  in  a  steel  shell,  and  the  shaft,  which  is 
7  to  10  feet  high,  consists  of  steel  water  jackets.  No  forehearth  is 
used.  A  blast  pressure  of  3  to  4  ounces  is  used  with  a  production  of 
about  72  tons  of  copper  per  24  hours.  With  a  higher  pressure  there 
is  greater  loss  of  copper  in  the  slag,  cMidng  to  more  rapid  driving  of 
the  furnace. 

The  refined  product  from  the  reverberatory  furnace  is  cast  into 
various  sizes  and  shapes  of  ingots  for  marketing,  but  if  it  contains 
much  silver  it  is  cast  into  anodes  for  electrolytic  refining. 

BXPERIMENTAIi  SMEIiTING  OF  FINE  MICHIGAN  NATIVE 
COPPER  CONCENTRATES  IN  THE  ELECTRIC  FURNACE. 

For  the  purpose  of  investigating  the  feasibiUty  of  smelting  fitne 
Michigan  native  copper  concentrates  in  the  electric  furnace  instead 
of  the  reverberatory  furnace,  the  following  experiments  were  con- 
ducted by  the  writers. 
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The  objects  of  these  experiments  were:  (1)  To  note  the  eflfect  of 
variation  of  the  proportions  of  the  three  main  slag  constituents — 
silica,  ferrous  oxide,  and  lime — on  the  power  consumption,  the  opera- 
tion of  the  furnace,  and  the  purity  of  the  copper  produced;  (2)  to 
ascertain  the  extent  of  iron  oxide  reduction  caused  by  the  graphite 
electrode;  (3)  to  compare  the  results  of  intermittent  smelting  with 
those  of  continuous  smelting;  and  (4)  to  study  the  feasibility  of  using 
the  slag  produced  in  copper  smelting  for  the  manufacture  of  ferro- 
silicon  in  the  electric  furnace. 

QENEBAL  DE8CBIPTION  OF  EXPEBIHENTS. 

The  experiments  were  divided  in  six  series,  based  on  different 
variables  in  the  slag-forming  components  of  the  charge.  Fourteen 
experiments  were  made  in  all,  grouped  as  follows:  In  series  1,  the 
slag  was  formed  from  the  natural  gangue  of  the  concentrate;  in  series 

2,  the  acidity  of  the  slag  was  varied  by  the  addition  of  silica;  in  series 

3,  the  basicity  of  the  slag  was  varied  by  the  addition  of  Lake  Superior 
hematite;  in  series  4,  lime  was  used  instead  of  iron  ore  as  a  base;  in 
series  5,  the  basicity  of  the  slag  was  varied  by  the  addition  of  lime 
and  hematite;  and  in  series  6,  the  furnace  was  charged  at  intervals 
and  kept  full  during  the  run,  and  the  metal  tapped  at  intervals. 

In  all  of  the  experiments  the  furnace  was  operated  as  a  resistance 
furnace  as  far  as  possible  in  order  to  keep  down  the  volatilization  of 
the  copper.  There  was  arcking  at  the  start  of  a  run  before  the  charge 
became  molten,  and  in  several  runs  arcking  occurred  at  intervals 
during  the  experiment,  but  not  for  a  long  period  of  time.  In  all 
experiments,  except  those  of  series  6,  the  furnace  was  charged  inter- 
mittently— that  is,  after  starting  the  charge  was  added  gradually — 
and  all  of  it  was  completely  melted  before  tapping.  As  far  as  pos- 
sible, the  furnace  was  tapped  cleanly  after  each  run.  Any  slag  left 
in  the  furnace  after  tapping  was  removed  by  balling  in  the  furnace  in 
a  manner  sipular  to  that  used  ia  the  puddling  process.  Slag  adhering 
to  the  walk  was  allowed  to  remain  there. 

In  the  operation  of  an  experimental  electric  furnace,  except  on  a 
very  small  scale,  where  tapping  can*not  be  done,  it  is  not  advisable  to 
go  to  extremes  to  obtain  an  absolutely  clean  discharge  of  the  molten 
products.  To  remove  entirely  all  metal  and  slag,  especially  slag,  one 
of  two  procedures  must  be  followed:  Either  the  charge,  after  becom- 
ing molten,  is  superheated  to  remelt  any  material  that  has  adhered 
to  the  cooler  parts  of  the  walls,  or,  when  the  furnace  has  cooled  off, 
this  material  is  chiseled  off.  Either  procedure  results  in  a  partial  or 
complete  destruction  of  the  furnace  lining,  making  a  new  one  neces- 
sary. If  the  charge  is  superheated,  the  high  temperature  results  in 
the  brick  walls  becoming  pasty  and  gradual  dripping  of  the  softened 
brick  into  the  slag.     One  brick  may  be  more  exposed  than  the  others 
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and  gradually  be  completely  melted,  and,  aside  from  causing  injury 
to  the  lining,  materially  alter  the  composition  of  the  slag. 

The  prolonged  heating  may  also  cause  volatihzation  of  the  copper, 
although  this  is  not  so  likely  to  occur  after  the  copper  has  been 
smelted  down  and  covered  with  a  bath  of  slag,  as  during  the  melting 
period.  The  prolonged  heating  also  caused  a  much  higher  power 
consumption  than  would  occur  in  practice,  as  in  practice  the  accretions 
and  the  hangings  would  not  affect  this  item  after  the  furnace  .was 
running  regularly  and  continuously.  Chisehng  out  the  furnace  is 
impractical,  because  of  the  time  consumed  and  on  account  of  the 
destruction  of  the  lining.  For  these  reasons  the  furnace  was  built 
with  a  high  degree  of  slope  on  the  bottom  toward  the  tap  hole,  and 
tapped  as  cleanly  as  possible  through  this  hole.  As  a  result,  some  of 
the  runs  show  a  considerable  deficiency  in  the  quantity  of  metal 
tapped  as  compared  with  the  calculated  amount  in  the  charge,  and 
some  an  excess;  although  the  greatest  discrepancy  is  in  the  slag.  In 
some  runs  the  amount  of  material  tapped  checks  very  closely  with 
that  charged. 

DESCBIPnON  OF  FUBNACE  USED. 

An  electric  furnace  of  the  Siemens  type  is  the  best  suited  for 
laboratory  experimental  smelting  of  ores,  A  furnace  of  this  type,  as 
shown  in  figures  1  and  2,  was  used  in  these  experiments. 

The  furnace  had  a  square  crucible,  m,  lined  with  fire  brick.  The 
current  passed  into  the  crucible  through  an  upper  graphite  electrode, 
71,  then  through  the  charge,  and  then  through  another  graphite 
electrode,  o,  placed  in  the  bottom  of  the  furnace,  which  was  made  of 
carbon.  The  exterior  shell  of  the  furnace  was  of  fire  brick.  The 
bricks  were  held  together  by  iron  bands,  which  could  be  adjusted  for 
expansion.  The  crucible  was  roofed  with  fire-clay  tiles  during  some 
experiments,  in  others  the  roof  was  discarded.  The  upper  plectrode 
was  hung.so  as  to  extend  vertically  into  the  center  of  the  crucible. 
No  attempt  was  made  to  keep  the  joints  in  the  roof  tight,  so  that 
gas  escaped  aroimd  the  electrode.  Part  of  the  tile  roof  was  put  on 
before  charging  and  the  opening  was  completely  closed  when  all  of 
the  charge  had  been  added.  There  was  one  tap  hole  at  the  bottom 
of  the  crucible,  in  the  middle  of  one  side. 

THE   CRUCIBLE. 

The  crucible  was  1 1  inches  square  and  its  walls  were  vertical.  The 
carbon  bottom  was  tapered  up  about  4  inches  around  th^walls,  so 
that  the  lowest  part  of  the  bottom  was  about  4  inches  square.  The 
depth  of  the  crucible\was  15  inches  on  the  average,  but  varied  a 
little  with  different  linings.  The  total  volmne  of  the  crucible  was 
approximately  1,600  cubic  inches,  but  this  was  varied  slightly  from 
time  to  time  as  convenient. 

4W84*>— Bull.  81—16—2 
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WALLS  AND  CRUCIBLE   SUPPORT. 


The  crucible  was  supported  on  an  arch  of  fire  brick  set  on  two 
brick  baseS;  each  2  feet  7  mches  by  9  inches  in  section,  and  10  inches 


SECTION   A-B 
FiGUEE  1.— Elevation  of  experimental  furnace. 


high  to  the  base  of  the  arch.  The  arch  was  of  1  foot  1  inch  span. 
The  outside  dimensions  of  the  furnace  at  the  bottom  were  2  feet  7 
inches  by  2  feet  7  inches.  These  dimensions  extended  up  to  a  height 
1  foot  8  inches  above  the  floor,  on  a  level  with  the  end  of  the  tap  hole. 
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which  was  4  inches  lower  than  the  bottom  of  the  crucible.  The 
brick  walls  surrounding  the  crucible  were  2  feet  5  inches  square  and 
I  foot  6  inches  high,  making  the  total  height  of  the  furnace  3  feet  2 
inches.  An  iron  plate  would  have  been  better  than  the  arch  of  brick, 
but  to  have  procured  one  would  have  involved  considerable  expense 
and  loss  of  time. 

ELECTBODE8   AND   HOLDBE8. 

The  upper  electrode  was  of  Acheson  graphite  and  was  2  inches 
square  and  36  inches  long.  The  lower  electrode  was  of  the  same 
cross  section  and  material  but  was  18  inches  long.  The  part  above 
the  top  of  the  arch  was  embedded  in  a  mixture  of  ground  electrode 


PrauKK  I.— Plan  of  txperiiiuntal  tnrnace. 

'  sUunpe,  or  coke,  made  plastic  with  tar.  This  material  covered  the 
upper  end  of  the  electrode  to  a  depth  of  1  inch  and  extended  up  on 
the  walls  of  the  furnace.  The  lower  end  projected  below  the  arch  to 
within  5  inches  of  the  floor.  The  electrode  was  supported  at  first 
by  an  iron  clamp  embedded  in  the  bricks  but  later  simply  by  pressure 
of  the  bricks  and  the  carbon  mass  around  it.  The  cross-sectional 
area  of  the  electrode  was,  of  course,  4  square  inches.  Current  was 
conducted  to  the  electrode  by  two  insulated  copper  cables  1  inch 
in  diameter.  The  cables  extended  30  feet  to  four  copper  bus  bars 
4  inches  by  1  inch  in  cross  section,  which  extended  30  feet  to  the 
switchboard  where  all  electrical  readings  were  taken. 
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• 

The  upper  electrode  holder  consisted  of  two  iron  plates  4  inches 
wide  by  8  laches  long  bolted  together  around  the  electrode.  During 
some  of  the  experiments  this  holder  was  connected  to  the  circuit  by 
a  plate  which  held  the  loose  wire  of  the  connecting  cable  against  the 
holder.  This  connection  did  not  work  well  with  high  amperages, 
owing  to  short  circuits  burning  out  the  wires  and  on  accoimt  of  the 
heating  of  the  holder  from  the  heat  of  the  crucible.  Later  a  copper 
plate  3  inches  wide  and  9  inches  long  was  bolted  to  the  iron  holder 
and  connected  at  the  other  end  with  a  lug  soldered  in  the  cable. 
This  arrangement  gave  complete  satisfaction,  as  the  lug  was  far 
enough  from  the  crucible  to  prevent  melting  of  the  solder.  The 
bottom  connection  was  made  by  clamping  the  loose  ends  of  the  cable 
between  the  holder  and  a  plate  bolted  to  the  holder,  as  was  first  used 
for  the  upper  holder. 

REaULATINQ  DEVICE. 

The  upper  electrode  was  suspended  by  flexible  copper  wire,  running 
over  a  pnUey  attached  to  a  steel  crosspicce,  which  was  set  on  a  wooden 
framework  7  feet  6  inches  high.  The  wire  was  then  wound  around 
a  loose  horizontal  pipe,  set  at  the  rear  of  the  furnace,  and  the  electrode 
coimterbalanced  by  attaching  weights  to  the  wire.  This  makes  a 
simple  and  satisfactory  device  for  hand  regulation  of  electrodes  in 
small  furnaces,  very  close  adjustment  being  possible. 

For  holding  tight  the  upper  section  of  the  furnace,  2-inch  channel 
irons  were  set  on  the  comers  and  around  them  were  placed  two 
1-inch  strips  of  sheet  iron. 

APPABATU8  AND  INSTBtJHBNTS. 

Sii\gle-phase  current  was  received  in  the  laboratory  at  a  voltage 
which  could  be  varied  on  the  primary  side  from  440  to  550  volts  with 
a  frequency  of  60  cycles.  The  voltage  was  stepped  down  by  a  75  kilo- 
volt  ampere,  single-phase  transformer.  The  primary  windings  of  the 
transformers  were  so  adjusted  and  connected  with  switches  and  a 
voltage  regulation  box  that  the  voltage  could  be  regulated  within 
three  ranges,  as  follows:  High  voltages,  ranging  from  120  to  300  volts, 
by  12-volt  steps;  mediiun  voltages,  60  to  150  volts,  by  6-volt  steps; 
and  low  voltages,  30  to  75  volts,  by  3-volt  steps.  On  the  primary  side 
there  was  a  300-ampere  rheostat  and  a  main  switch  fitted  with  a 
spring.  On  the  secondary  side  there  were  two  main  switches  and 
numerous  voltage  regulation  switches. 

The  instruments  used  in  taking  readings  were  a  Thomson  high- 
torque,  watt-hour  meter  set  in  the  primary  circuit ;  a  Keystone  indi- 
cating wattmeter,  with  a  range  of  100  kw.,  connected  in  the  primary 
circuit :  two  Keystone  alternating-current  amjneters,  with  a  range  of 
2(X^  amperes,  connected  in  the  primary  circuit ,  and  a  Keystone  ^ter- 
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nating-current  voltmeter,  the  lower  scale  having  a  range  of  100  volts 
and  the  upper  scale  a  range  of  500  volts,  connected  for  both  primary 
and  secondary  circuits.  These  instruments  were  set  on  a  switch- 
board so  situated  that  the  current  was  conducted  from  60  to  80  feet 
by  bus  bars  and  cables  to  the  furnace. 

Tappings  were  made  in  cast-iron  molds,  19  inches  long  by  5  inches 
wide  at  the  top,  17  inches  long  by  3^  inches  wide  at  the  bottom,  and 
4}  inches  deep,  with  sloping  sides  1  inch  thick. 

CONCENTBATBS  SMELTED. 

The  concentrates  treated  were  practically  subdivisions  of  grade  No. 
2,  previously  mentioned,  and  will  be  designated  as  No.  ^  and  No.  4. 
The  coarser  of  the  two  grades,  No.  3,  is  obtained  by  concentrating  ore 
*  as  follows:  The  rock  is  crushed  with  Blake  breakers,  stepped  under  a 
steam  stamp;  passed  through  a  trommel  with  ^-inch  openings  to  a 
hydrauhc  classifier  and  to  two  jigs  in  series,  the  tailings  from  the 
last  jig  passing  over  a  Wilfley  table,  the  product  of  the  table  being 
grade  No.  3.  The  overflow  from  the  hydraulic  classifier  is  conducted 
to  a  settling  tank,  and  the  slimes  obtained  are  then  treated  upon  a 
Card  table,  which  gives  grade  No.  4.  The  copper  in  grade  No.  3  was 
rather  coarse  and  plainly  visible;  in  No.  4  it  was  so  fine  that  it  could 
be  detected  only  with  difficulty  by  the  naked  eye,  although  by  panning 
it  was  very  easily  concentrat-ed  to  an  appreciable  extent.  There  was, 
however,  considerable  loss  by  sliming. 

The  sieve  analyses  of  these  concentrates  are  as  follows: 

Sieve  analyses  of  Michigan  copper  concentrates.  ^ 


Flnnnas. 

No.  3. 

No.  4. 

i^B^ha?!  KMnesh 

Percent. 

0.80 

5.33 

14.20 

9.90 

8.37 

29.14 

32.22 

Percent, 
0.03 

lOta^^m^h                                                                                                             ,, 

1.38 

sntn^nMRh 

8.32 

*>tftflomiMh 

3.13 

fiot^SOnMBh 

4.05 

» tn  100  menh .  .          

19.88 

Ovtr  lodmmh . 

63.19 

99.96 

99.96 

The  great  difference  in  the  fineness  of  the  two  grades  is  apparent 
from  these  analyses,  87.12  per  cent  of  No.  4  passing  through  a  60- 
mesh  sieve,  whereas  only  69.73  per  cent  of  No.  3  passed  60  mesh. 
The  fineness  of  the  material,  especially  that  of  the  copper,  seemed  to 
affect  the  results  obtained  in  the  experiments. 

The  silica  used  was  a  ground  quartzite  containing  96.82  per  cent 
SO,.  The  lime  was  from  a  limestone  containing  63.2  per  cent  CaO 
and  5.7  per  cent  MgO.  A  hematite  ore  of  the  analysis  given  below 
was  used  as  a  flux. 
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The  cheniical  analyses  of  the  concentrates  and  of  the  hematite 
were  as  follows: 

Chemi4xil  analyus  of  ocmcentrates  and  hematUe. 


Constitusiit. 

• 

Concentrate  Conoentrate 
No.  3.           No.  4. 

Hematite. 

• 

Cu t 

Percent. 

37.35 

33.33 

15.40 

8,78 

5.18 

1.09 

0.050 

Percent. 
25.35 
25.92 

21.  eo 

12.40 
5.98 
1.09 
0.096 

Percent. 

SiOt 

6.19 

FeO 

AljO. 

1.22 

CaO 

0.20 

MgO 

0.16 

s.„...: 

p 

0.61 

Pe 

0.30 

0.50 

61.68 

Un. 

0.49 

••••"•"*•*•• 

As  may  be  seen  from  the  above  analyses,  both  grades  of  concen- 
trates were  rather  high  in  alumina.  The  iron,  silica,  and  alumina 
were  so  proportioned  in  each  as  to  give  a  rather  infusible  slag.  The 
concentrates  were  not  uniform  in  composition,  the  analyses  given  be- 
ing the  average  from  several  samples.  This  variation  in  composi- 
tion of  the  concentrate  affected  the  results  in  some  experiments  in 
that  the  calculated  amount  of  copper  in  the  chaise  and  that  tapped 
do  not  check  well. 

PBOBUBMS    OF   ELECTBIC    SMBLTIKa   OF   NATIVS    COPPEB    CON- 

CENTBATES. 

Before  describing  the  experiments,  some  of  the  problems  that  arise 
in  connection  with  the  smelting  of  native  copper  concentrates  in  the 
electric  furnace  wiU  be  discussed. 

As  previously  stated,  the  treatment  of  these  concentrates  consists 
of  a  melting  operation  and  the  separation  of  the  metaUic  copper  and 
gangue  by  reason  of  the  difference  in  their  specific  gravities. 

LOSS   OF   COPPER. 

The  loss  of  copper  by  slagging  and  volatilization  depends  upon  the 
melting  point,  fluidity,,  and  specific  gravity  of  the  slag.  The  slag 
should  have  as  low  a  melting  point  and  be  as  fluid  as  possible  in  order 
to  prevent  volatilization  of  the  copper.  In  the  electric  furnace  there 
is  always  a  tendency  for  the  furnace  to  develop  a  higher  temperature 
as  the  melting  point  of  the  charge  is  raised,  so  that  chaises  which 
could  not  be  treated  in  an  ordinary  metalluigical  furnace  are  easily 
smelted.  For  this  reason  the  furnace  must  be  watched  to  keep  the 
temperature  low  in  treating  easily  volatilized  metals.  As  long  as 
there  is  slag  covering  the  metal  in  an  electrode  furnace  the  loss  is  not 
excessive,  but  with  an  arc  and  no  slag  the  copper  is  rapidly  volatil- 
ized or  oxidized. 
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The  loss  of  copper  in  ,the  slag  depends,  as  stated  above,  on  the 
fluidity  and  specific  gravity  of  the  slag.  The  loss  in  treating  native 
copper  concentrates  in  the  electric  furnace  is  practically  entirely  due 
to  mechanical  loss  of  minute  metallic  globules  that  are  carried  off 
because  of  imperfect  settling.  A  fluid  and  liquid  slag  of  low  specific 
gravity  prevents  such  loss. 

BBPUCTION   OF   IBON  OXIDE. 

The  only  reducing  material  present  in  the  electric  furnace  during 
a  simple  melting  operation  would  be  the  carbon  of  the  electrode. 
As  a  result,  the  reducing  action  need  not  be  very  strong  in  operating 
an  electric  furnace  for  this  purpose.  If  the  slag  has  a  low  melting 
point,  there  is  no  reason  why  the  reduction  of  FeO  to  metallic  iron 
should  be  excessive.  This  factor  would  have  greater  influence  in  a 
small  furnace  than  in  a  large  furnace,  where  the  electrode  area  ex- 
posed to  the  charge  would  not  be  so  great  in  proportion  to  the  amount 
of  material  charged.  In  order  to  lower  the  reducing  action,  the  tem- 
perature should  be  kept  as  low  as  possible  and  still  give  a  fluid  slag. 
Also  in  the  electric  furnace  the  effect  of  the  base  used  to  flux  the 
silica  may  result  in  a  decreased  reduction  of  FeO. 

DESCBIPnOK  OF  EXFEBIMBNTS. 
81CELTING  CONCBNTBATE   NO.  4   WITHOUT  FLUX. 

Two  experiments  were  made  in  which  No.  4  concentrate  was  smelted 
without  the  addition  of  anything  to  flux  the  gangue,  the  results  of 
which  are  shown  in  Table  2,  experiments  Nos.  1  and  2. 

EXPERIMENT  MO.  1. 

Before  experiment  No.  1  was  begun  the  furnace  was  heated  with 
gas  for  an  horn*  and  a  haU  to  bum  the  tar  out  of  the  lining.  The 
furnace  was  then  filled  with  concentrate,  and  the  current  turned  on. 

Throughout  the  experiment  the  furnace  did  not  run  weU  and  it 
was  difficult  to  keep  it  from  arcking  at  times.  A  green  flame  burned 
at  the  top,  due  to  the  oxidation  of  some  of  the  copper.  Carbon 
monoxide  gas  was  also  given  off,  due  to  the  partial  oxidation  of  the 
electrode. 

In  about  one  hour  the  charge  was  ready  for  tapping.  Instead 
of  tapping  into  an  iron  mold,  as  was  done  in  later  experiments,  the 
charge  was  tapped  into  a  mold  made  of  bricks.  The  furnace  did 
not  tap  well,  because  the  bottom  had  settled,  so  that  some  metal 
was  left  in  the  furnace,  and  was  later  removed  by  chiseling. 

No  copper  could  be  seen  in  the  slag  except  at  the  bottom  of  the 
mold,  where  small  pellets  had  concentrated.  The  slag  flowed  out 
of  the  furnace  readily,  but  was  a  little  thick,  and  had  a  glassy  appear- 
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ance  when  cold.  Some  of  the  carbon  bottom  came  up  and  mixed 
with  the  slag  in  a  semifused  mass.  There  was  not  enough  tar  mixed 
with  the  carbon  to  make  it  set  properly. 

The  metal  contained  so  much  iron  that  it  could  be  seen  with  the 
naked  eye.  Under  the  microscope,  iron,  copper,  and  blowholes  were 
visible,  but  no  cuprous  oxide. 

EXPBRIMBNT  NO.  2. 

The  furnace  was  hot  when  run  No.  2  was  started.  The  furnace 
tapped  cleanly,  the  slag  was  glassy  and  rather  thick,  but  flowed  from 
the  furnace.  It  was  free  from  shots  of  metal.  One  brick  in  the  fur- 
nace was  eaten  out  by  the  slag.  The  metal  showed  the  same  char- 
acteristics as  that  from  run  No.  1 . 

VARYING  THE   ACIDITY  OF  THE   SLAG    WITH   SILICA. 

Five  experiments  were  made,  using  varying  amounts  of  silica  for 
the  purpose  of  noting  the  general  effect  of  a  very  acid  slag.  Slags 
Nos.  3,  4,  5,  6,  and  7  (see  Table  2)  were  made  in  this  manner.  In  all 
of  these  experiments  No.  4  concentrate  was  used  with  silica  as  a 
flux. 

EXPERIMENT  NO.  3. 

In  experiment  No.  3,  the  furnace  was  started  cold.  The  furnace 
ran  well,  almost  entirely  as  a  resistance  furnace.  The  green  flame 
noted  in  the  two  previous  experiments  was  present.  The  lining  was 
in  such  poor  condition  that  the  metal  could  not  be  tapped,  but  was 
removed  after  cooling.  The  slag  was  viscous  and  very  glassy,  but 
flowed  from  the  furnace.  The  metal  showed  iron  and  blowholes,  but 
no  cuprous  oxide. 

EXPERIMENT   NO.    4. 

In  experiment  No.  4,  the  furnace  was  hot  from  the  previous  run. 
The  furnace  ran  well  throughout  the  run,  as  a  resistance  furnace. 
The  slag  was  viscous  and  very  glassy,  but  flowed  from  the  furnace. 
No  iron  or  cuprous  oxide  were  visible  in  the  metal,  but  it  contained 
some  blowholes. 

EXPERIMENT  NO.  5. 

Before  beginning  experiment  No.  5  the  furnace  was  reUned  and 
heated  with  the  air  to  bum  out  the  tar  in  the  lining.  The  charge  was 
slow  in  melting  and  shots  of  metal  floated  in  the  slag.  On  tapping, 
these  seemed  to  settle  toward  the  bottom  of  the  mass.  The  slag  was 
very  thick  and  glassy,  but  flowed  fiom  the  furnace.  During  the  run, 
the  furnace  was  operated  entirely  as  a  resistance  furnace.  The  metal, 
on  being  tapped  into  two  round  ladles  used  for  molds,  froze  and  had 
to  be  melted  out.  This  accounts  for  the  abnormally  high  percentage 
of  iron  in  the  metal. 
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Under  the  mieroscope  iron  and  blowholes  were  clearly  visible,  but 
no  cuprous  oxide. 

BZPEBDCENT  NO.  6. 

At  the  start  of  experiment  No.  6  the  furnace  was  cold.  The  power 
supply  was  very  unsteady,  being  off  for  18  minutes  throughout  the 
run.  On  tapping,  the  slag  was  thick  and  glassy,  but  flowed  from  the 
furnace,  and  no  copper  could  be  seen  which  did  not  settle  out.  There 
was  a  larger  amount  of  iron  visible  in  the  metal  under  the  microscope, 
but  it  was  present  in  a  more  dendritic  form  than  in  previous  experi- 
ments.    No  cuprous  oxide  was  formed. 

EXPERIMENT  NO.  7. 

In  experiment  No.  7  the  furnace  was  hot  before  charging.  The 
slag  was  sticky  and  thick,  but  flowed  from  the  furnace  and  was  free 
from  shots.  Under  the  microscope  very  little  iron  could  be  seen  in 
a  section  of  the  metal,  and  no  cuprous  oxide  at  all.  The  metal  was 
also  comparatively  free  from  blowholes. 

VABYING  THE   BASICITY  OF  SLAG   WITH  HEMATITE. 

In  experiments  No.  8  and  No.  9  (Table  2)  hematite  was  used  to 
note  the  effect  of  a  more  basic  slag  and  the  value  of  iron  oxide 
as  a  flux  in  comparison  with  Hme. 

EXPERIMENT  NO.  8. 

In  experiment  No.  8  the  furnace  was  hot  before  charging.  The 
furnace  acted  better  than  in  previous  runs,  probably  because  of  the 
slag  being  more  fusible.  The  slag  was  veiy  fluid  on  tapping.  It 
was  of  a  dull  basic  appearance  and  free  from  shots  of  copper.  Neither 
iron  nor  cuprous  oxide  was  visible  in  the  metal  under  the  microscope. 

EXPERIMENT  NO.  9. 

The  furnace  was  cold  at  the  beginning  of  experiment  No.  9.  The 
slag  was  dull,  basic,  and  very  fluid  and  was  free  from  shots  of  metal. 
Neither  iron  nor  cuprous  oxide  was  visible  in  the  metal. 

VARYING   THE   BASICITY  OF  THE   SLAG   WITH   LIMESTONE. 

EXPERIMENT  NO.  10. 

In  experiment  No.  10  Umestone  was  used  as  a  flux.  The  furnace 
was  hot  at  the  start  and  operated  well  throughout  the  run.  The 
slag  was  very  fluid  and  basic  and  was  free  from  shots  of  metal. 
A  very  little  iron  was  visible  under  the  microscope,  but  no  cuprous 
oxide.    The  power  consumption  was  very  low.    . 
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VARYING  THE  BASICITY  OF  THE  SLAG  WITH  LIMESTONE  AND  HEMATITE. 

In  experiments  No.  11,  No.  12,  and  No.  13  the  basicity  of  the  slag 
was  changed  by  using  both  limestone  and  hematite  and  was  increased 
as  far  as  was  considered  practical. 

BXPERDiBNT  NO.  U. 

In  experiment  No.  11  the  furnace  was  started  cold.  The  slag 
was  very  fluid  and  boiled  out  of  the  top  of  the  furnace  considerably. 
Iron  was  distributed  rather  evenly  throughout  the  metal  as  dendrites, 
but  no  cuprous  oxide  could  be  detected. 

EXPERIMENT  NO.  12. 

The  furnace  was  cold  at  the  start  of  experiment  No.  12.  During 
the  run  fine  globules  of  copper  floated  in  the  slag,  which  boiled 
out  of  the  furnace  considerably.  There  was  so  much  of  this  boiling 
and  shpping  of  the  charge  that  some  of  the  limestone  dust  was 
cauied  off  by  the  gases.  The  slag  was  a  little  thick  and  sticky, 
but  flowed  readily  from  the  furnace.  Very  fine  dendrites  of  iron  were 
visible  in  the  metal,  but  there  appeared  to  be  no  cuprous  oxide. 

EXPERIMENT   NO.  13. 

Experiment  No.  13  was  started  with  a  hot  furnace,  but  a  rather 
sticky  and  thick  slag  was  produced,  which  boiled  and  slipped  so 
much  that  there  was  considerable  loss  of  Umestone  and  ore  dust.. 
There  were  shots  of  metal  in  the  top  of  the  slag  in  the  furnace,  but 
these  settled  out  in  the  mold.  Under  the  microscope  only  a  few 
pieces  of  iron  were  visible  in  the  metal  and  no  cuprous  oxide.  . 

CONTINUOUS   SMELTING. 
EXPERIMENT  NO.  14. 

In  experiment  No.  14  concentrate  No.  3,  with  lime  as  a  flux, 
was  charged  at  intervals  so  as  to  keep  the  furnace  full,  and  three 
tappings  were  made  during  a  run  of  2  hours  and  40  minutes.  The 
furnace  operated  well  and  very  little  gas  was  given  off,  so  long 
as  the  top  of  the  charge  was  not  fused. 

When  the  bath  was  tapped,  considerable  material  hung  on  the  walls. 
The  slags  were  very  fluid,  but  the  first  two  tapped  contained  consider- 
able metal  because  of  semifluid  material  running  out  of  the  furnace 
with  the  slag.  No  iron  or  cuprous  oxide  could  be  detected  in  the 
metal  from  any  of  the  tappings. 
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KBSULTS  OF  BXPSSDCBXTTB. 


The  results  of  each  experiment  were  tabulated  as  shown  in  Table  1 , 
which  gives  the  results  of  experiment  No.  10  in  detail. 

Table  1. — ReaulU  of  vneUing  ooneeninUe  No.  S  with  Hmettone  flux,  experiment  No.  10. 


TiDM^ 

AiDpons. 

VoHs. 

Kilo- 
watts. 

Poww 
fadat. 

P.m, 
UL3d 
12.40 
12.45 
12.50 
12.55 

soo 

<R0 

eso 

600 

580 

70 
72 
71 
78 
80 

33 
45 
48 
46 
46 

94.3 
96.8 
96l2 
96.0 
99.0 

Famaoe  started  hot  after  experiment  No.  9. 

Charge  all  added  at  UJSn  p.  m. 

All  ftaed  at  12.46  p.m. 

Shots  of  metal  hi  upper  part  of  slag. 

Tapped.    Slag  fluid  and  free  from  shots. 

rwi^gan  concentrate  No.  3,  pounds 22. 0 

JJmestone,  pounds. 2.2 

Length  of  run,  minutes 20 

Mean  Totts  in  the  fUmaoe 74 

1  on  the  fomace. 696 

.  kilowatts  on  the  furnace 44 

power  tector  of  cireuiL 97 

14.4 

EiiecCrode  omsumption  per  pound  of  metal  tapped,  pounds 062 

Electrode  oonsumptian  per  ton  of  charge  smelted,  pounds 28. 2 

C^lentated  weight  of  copper,  iwunds 8. 2 1 

We^^  of  metal  tapped,  pounds ' 8. 13 

Wc^t  of  slag  tapped,  pounds 16. 09 

Loss  of  copper  in  the  siag,  per  cent 33 

CopfMr  unaccounted  Jar,  per  cent. 8. 17 

Totml  loss  of  copper,  per  cent 3. 60 

Kflowatt-hours  per  pound  of  metal  tapped 1. 77 

KOowatt-jeaisper  ton  of  ore  smelted 15 

Kiloiwatt-years  per  ton  of  charge  smelted 135 

Analrsis  of  metal: 

Copper,  per  cent 97. 13 

Iron ,  per  cent 2. 50 

Sulphur,  per  cent. ., -i35 

Anenic,  per  cent 02 

AiBhrsisofsiag: 

Ol.  per  «sit. 17 

Stopper  cent 35.82 

OfiO,  per  cent 16. 45 

HgO,  per  cent. 7.00 

FeO,  per  cent 25. 20 

AJsOk,  per  cent 17. 10 

Rbjurks. — On  examining  a  microscopic  section  of  the  metal,  after  etching  with  picric  acid,  a  few  spote 
of  dendritic  iron-oould  be  seen,  but  no  cuprous  oxide. 

The  complete  results  of  experiments  1  to   14  are  tabulated  in 
Table  2. 
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DISCUSSION  OF  BBSTTLTS. 

As  previously  stated,  the  three  most  important  points  for  con- 
sideration are:  (1)  The  loss  of  copper  by  slagging,  volatilization,  or 
by  dust  being  carried  off  in  the  gases;  (2)  the  reduction  of  the  iron 
oxide  to  metallic  iron  which  enters  the  copper;  and  (3)  the  power 
consumption  and  general  operation  of  the  furnace. 

All  of  these  factors  are  largely  affected  by  the  melting  point  of 
the  slag  and  the  temperature  necessary  to  make  it  liquid  enough  to 
flow  readily  from  the  furnace.  The  results  obtained  from  the 
experiments  just  described  can  be  used  as  a  basis  for  discussion  in 
considering  the  commercial  application  of  the  electric  furnace  to 
the  smelting  of  these  concentrates. 

COPPER  LOSSES. 

In  order  to  have  a  uniform  basis  for  comparing  the  results  obtained 
by  varying  the  silica,  lime,  and  ferrous  oxide  contents  of  the  slag, 
the  oxygen  ratios  of  the  various  slags  were  computed  and  tabulated. 
In  doing  this  alumina  was  considered  as  a  base.  Of  course  the 
results,  considered  on  this  basis,  do  not  show  conclusively  that  a 
slag  of  a  certain  oxygen  ratio  gives  the  best  results,  because  the  high 
percentage  of  alumina  in  the  slag  varied  considerably,  owing  to 
melting  of  the  brick  in  the  furnace  lining.  That  is,  the  effect  of 
ahmiina,  when  substituted  for  another  base,  on  the  fluidity  of  thp 
slag  is  not  shown  completely. 

The  oxygen  ratios  of.  the  different  slags  and  the  copper  losses  in 
the  different  tests  were  as  follows: 

Losses  of  copper  with  different  slags. 


Ftuzused. 

Oxygen 

ratio  of 

slag. 

/AcidO\ 

UasicO^ 

Propor- 
tion of 
copper 
in  slag. 

Proportion  of  copper  lost,  a 

Ex- 

nwDt 
No. 

Oraaaaa«Itod. 

Losses 
in  slag. 

Losses 
by  vola- 
tilization, 
in  hang- 
ing pieces, 
and  In 
dust. 

Total. 

1 

4     OflOMWitrAtA  No.  4. 

Bflk« 

1.97 

1.86 

1.60 

1.69 

1.28 

1.10 

.87 

1.44 

.93 

.91 

.82 

.70 

Percent. 
0.23 
.40 
.15 
.10 
.15 
.23 
.20 
.15 
.24 
.17 
.46 
.54 

Percent. 
0.88 
.97 
.48 
.40 
.42 
.87 
.59 
.26 
.22 
:33 
.85 
.54 

Percent. 
17.66 

Percent, 
18.53 

1 

5 

7 

6 

2 

9 

8 

12 

10 

13 

11 

....do 

None 

...  .do 

8flk« 

56.40 
48.30 
49.20 
36.90 
35.25 

7.22 
12.03 

3.17 
16.41 
11.62 

56.88 

....do 

do ^ 

48.70 

do 

do 

do ^ 

Non6.. 

49.62 
37.77 

do... 

F«niftt{t«.          .       .           a 

35.84 

Coooentnte  No.  3. 

do 

do 

do 

7.48 

Limestone  and  hematite 

12.25 
3.50 

do 

do 

Llmeitone  and  hematite 
do 

17.26 
12.16 

a  Computed  on  basis  of  total  copper  In  ore. 
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EXPERIMENTS  WITH  OONCBNTBATB  NO.  4. 

From  the  table  it  is  evident  that  as  the  acidity  of  the  slag  is  de- 
creased for  concentrate  No.  4  there  is  a  gradual  decrease  in  the  peiv 
centage  of  copper  in  the  slag  until  a  slag  having  an  oxygen  ratio  of 
1.59  is  reached,  when  the  loss  rises  slightly  and  remains  uniform  with 
further  increase  of  basicity.  Concentrates  No.  3  and  No.  4  are  con- 
sidered separately  because  of  the  higher  alumina  and  lower  copper  con- 
tent in  No.  4.  The  oxygen  ratio  does  not  vary  directly  with  composi- 
tion of  the  charge,  because  some  of  the  slag  from  previotis  runs  and 
some  of  the  lining  entered  the  slag.  The  ratio  1.59,  at  which  the  per- 
centage of  copper  in  the  slag  reaches  the  lowest  point  (0.10  percent), 
corresponds  to  that  of  a  slag  containing  48  per  cent  SiO,,  9  per  cent 
CaO,  1.84  per  cent  MgO,  26.25  per  cent  FeO,  and  14.99  per  cent  Al^Oj. 
With  this  ratio  the  lowest  percentage  of  losses  in  the  slag  from 
No.  4  concentrate,  on  the  basis  of  total  copper  in  the  ore  charged, 
occurred.  The  percentage  of  copper  xmaccounted  for  was  high, 
however,  though  in  all  experiments,  except  where  noted,  the  furnace 
was  tapped  practically  clean,  except  for  what  slag  stuck  to  the  wall  in 
spots.  This  unaccounted  for  loss  may  be  considered  as  largely  due  to 
volatilization,  dust  loss,  and  hanging  of  the  charge.  To  be  on  the 
safe  side,  all  unaccounted  for  loss  wiU  be  considered  as  volatilization 
and  dust  loss,  although  in  a  small  furnace,  without  tearing  out  the 
lining,  10  per  cent  of  hanging  charge  would  not  be  excessive.  The 
total  loss  of  copper  in  experiment  No.  7,  including  copper  xmaccounted 
for — that  is,  copper  lost  by  volatilization,  as  dust,  and  by  hanging  of 
the  charge,  and  the  copper  loss  in  the  slag— was  48.7.  per  cent. 

A  further  study  of  the  results  of  lowering  the  acidity  of  the  slag 
shows  that  although  there  is  an  increase  in  the  percentage  of  copper 
in  the  slag  it  is  not  excessive,  and  that  there  is  a  considerable  decrease 
in  the  percentage  of  copper  lost  in  dust  or  by  volatilization.  With 
an  oxygen  ratio  of  0.87,  the  percentage  of  copper  in  the  slag  is  0.20 
per  cent,  the  percentage  of  total  copper  charged  that  was  lost  in  slag 
is  0.59  per  cent,  the  copper  unaccounted  for  is  35.25  per  cent,  and  the 
total  loss  of  copper  35.84  per  cent.  The  slag  resulting  from  experi- 
ment No.  4  shows  the  effect  of  a  low  percentage  of  alumina  in  a 
marked  manner.  This  slag  has  an  oxygen  ratio  of  1 .97,  greater  than 
any  of  the  others,  but  the  loss  by  volatilization  and  in  dust  is  less  than 
in  any  other  experiment  with  No.  4  concentrate,  being  17.65.  The 
slag  contained  0.23  per  cent  copper,  the  total  loss  being  18.53  per 
cent  of  the  copper  contained  in  the  quantity  of  ore  charged.  This 
slag  contained  Sl.l  per  cent  SiO,,  8.78  per  cent  CaO,  2.03  per  cent 
MgO,  25.5  per  cent  FeO,  and  only  10.45  per  cent  of  Al^O,.  The  cause 
of  the  deci^ase  in  the  alumina  content  was  not  apparent.  This  evi- 
dently lowered  the  melting  point  considerably,  so  that  less  copper 
was  volatilized. 
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The  slag  loss  of  copper  was  low  in  all  of  the  experiments  with  No.  4 
coQcentrato  and  the  loss  by  volatilization  and  in  dust  was  high. 
These  two  losses,  the  writers  believe,  can  be  eliminated.  The  mate- 
rial used  was  much  finer  than  No.  3  concentrate,  as  shown  by  the 
analysis  on  p.  21.  This  fineness  of  subdivision  accoxmts  in  a  measure 
for  the  oxidization  of  copper  dust,  which  was  plainly  visible  during 
the  experiments,  as  shown  by  the  marked  green  flame.  Also,  more 
dust  was  carried  oflf  by  the  gases  from  the  oxidation  of  the  electrode 
than  in  the  later  experiments  with  concentrate  No.  3.  The  results  of 
the  experiments  with  concentrate  No.  3,  in  which  a  more  basic  slag 
was  used,  show  that  the  volatilization  loss  can  be  kept  low  by  using  a 
slag  with  a  low  melting  point.  As  the  oxygen  ratio  was  decreased 
in  the  tests  with  concentrate  No.  4  the  decrease  of  this  loss  was 
marked.  The  dust  loss  would  be  small  in  a  large  furnace.  It  probably 
would  be  necessary  to  use  a  slag  higher  in  ferrous  oxide  and  having 
a  lower  meltiog  point  for  concentrate  No.  4  than  for  No.  3,  in  order 
to  keep  down  the  oxidation  and  volatilization  of  fine  copper. 

EXPEROfENTB  WITH  CONCENTRATE   NO.  3. 

The  experiments  with  concentrate  No.  3  showed  a  much  less  total 
loss  than  did  those  with  No.  4.  This  was  undoubtedly  due  to  the 
fact  that  the  slags  used  for  No.  3  had  a  lower  oxygen  ratio,  resulting 
in  a  much  more  fluid  slag  with  a  lower  melting  point.  Also  bases 
were  added  to  dilute  the  alumina,  so  that  this  constituent  had  less 
effect  than  in  the  previous  experiments.  The  best  results  were 
obtained  in  experiment  No.  10,  in  which  the  oxygen  ratio  of  the  slag 
was  0.91,  the  percentage  of  copper  in  the  slag  being  0.17.  The  total 
loss  of  copper  in  the  slag  was  0.33  per  cent  of  the  amoimt  of  copper 
in  the  ore  charged.  The  loss  by  volatiHzation,  in  dust,  and  in  hangings 
was  3.17  per  cent,  making  a  total  loss  of  3.5  per  cent.  These  results 
were  obtained  by  increasing  the  lime  content  by  charging  Umestone, 
giving  a  slag  containing  35.82  per  cent  SiO,,  15.45  per  cent  CaO,  7.09 
per  cent  MgO,  25.20  per  cent  FeO,  and  17.10  per  cent  AljOg.  That 
this  slag  gives  good  results  was  confirmed  in  the  continuous  experi- 
ment No.  14,  in  which  the  same  proportions  of  charge  were  used  as 
was  used  in  No.  10. 

As  the  oxygen  ratio  became  lower  than  about  0.91  there  was  a 
tendency  for  increased  losses  in  the  slag  and  a  higher  loss  from  other 
causes.  It  seems  from  the  results  that  the  most  satisfactory  slag  for 
these  particular  ores  is  one  with  an  oxygen  ratio  of  about  1.0,  that 
is,  a  monosilicate,  and  containing  35  per  cent  SiOj,  22  per  cent  CaO 
and  MgO,  25  per  cent  FeO,  and  17  per  cent  AI3O3.  The  oxygen  ratio 
of  this  slag  corresponds  to  that  of  an  ordinary  copper  blast  furnace 
slag,  but  owing  to  the  nature  of  the  ore  the  alumina  content  is  very 
high.  Also  the  use  of  lime  as  a  base  instead  of  iron  oxide  seems  to 
give  better  results  with  ore  of  high  alumina  and  iron  oxide  content 


32 


SMELTING  COPPER  ORBS  ^N   ELECTBIC  FURNACE. 


as  regards  copper  losses,  due  probably  to  the  formation  of  a  slag  of 
lower  melting  point.  Increasing  the  lime  content  also  lowera  the 
specific  gravity  of  the  slag,  thus  permitting  easier  settling  of  the  metal. 
There  is  no  reason  why  the  results  obtained  with  the  coarser  mar 
.  terial  No.  3  should  not  apply  to  the  finer  concentrate  No.  4.  The 
high  losses  in  experiments  with  the  latter  were  due  largely  to  the  high 
melting  point  of  the  slag.  As  no  more  ore  was  at  hand,  the  experi- 
ments could  not  be  continued  with  this  concentrate,  an^  No.  3  was 
used.  The  percentage  of  copper  in  the  slag  need  not  exceed  0.25  per 
cent  with  a  slag  of  proper  composition.  The  percentage  loss  in  the 
slag  of  total  copper  in  the  ore  charged  should  not  exceed  0. 5  per  cent. 
The  other  losses  in  the  best  run  (No.  10)  amounted  to  3.17  per  cent, 
but  in  practice  with  continuous  operation  of  a  lai^er  furnace  this 
item  should  not  exceed  1  per  cent,  and  the  total  loss  should  not  be 
over  1.5  per  cent  of  the  total  amount  of  copper  in  the  ore  charged. 
The  use  of  limestone  is  preferable  in  the  case  of  the  material  treated, 
simply  because  of  the  production  of  a  slag  of  easier  fusibility  and 
lower  specific  gravity,  which  allows  better  mechanical  separation  of 
metallic  copper  and  slag  and  reduces  the  loss  by  volatilization.  The 
dust  loss  would  also  be  less  if  the  very  fine  concentrate  was  mixed 
with  a  coarse  concentrate. 


IRON  IN  THE  METALLIC  COPPER. 

■ 

In  some  of  the  runs  in  which  a  slag  of  high  oxygen  ratio  and  high 
melting  point  was  used  the  percentage  of  iron  in  the  copper  produced 
was  very  high.  The  effect  of  length  of  run  and  of  the  ratio  of  acid 
to  basic  constituents  in  the  slag  is  shown  in  the  following  table: 

Metallic  iron  in  the  metal  produced,  experiments  Nos.  14o  13. 


Percent- 

age of 

Ex- 

peri- 

mfint 

No. 

Length 
of  ex- 
peri- 
ment. 

°™?r 

Pro- 
portion 

Weight 

Weight 
of  me- 

Weight 

elec- 
trode 
con- 
sump- 
tion 
used  in 

Ore  smelted. 

Flux  used. 

/  Acid  0  \ 
\Basic  0/ 

of  iron 

in 
metal. 

of  iron 
in  metal. 

tAlliC 

iron  in 
charge. 

of  iron 
reduced. 

reduc- 

tion. 

J/2n- 

UM. 

Peret. 

Pound*. 

Pound*. 

Poundt. 

4 

Conoentnte 
No.  4. 

Silica 

24 

l.»7 

• 

L76 

0.079 

0.110 

0.0 

0.0 

1 

do 

do 

.....  do ...... 

None 

60 
30 
25 
22 
23 
30 

1.86 
L68 
1.60 
1.69 
1.28 
1.10 

12.60 
3.50 

16.90 
3.76 
9.26 

11.10 

.825 
.191 
.454 
.111 
.283 
.441 

.110 
.110 
.110 
.110 
.110 
.110 

.716 
.081 
.344 
.001 
.173 
.331 

29.10 

3 

Silica 

7.41 

5 

do 

16.20 

7 

....  «do  ••.... 

do 

.00 

6 

....  .do. ..... 

do 

10.35 

2 

do 

None 

11.60 

9 

do 

Hematite 

23 

.87 

1.90 

.060 

.110 

.0 

.0 

8 

Concentrate 
No.  3. 

do 

23 

1.44 

LIO 

.083 

.066 

.017 

.92 

12 

do 

Limestone    and 
hematite. 

30 

.S3 

6.30 

.429 

.059 

.370 

16. 40 

10 

•   •  •  ■  s'lO*   •   •  •   •    ■ 

Limestone 

20 

.91 

2.60 

.208 

.066 

.137 

6.95 

13 

do 

Limestone    and 
hematite. 

20 

.83 

3.10 

.217 

.066 

.151 

6.50 

11 

do 

do 1 

25 

.70 

6.20 

.423 

.059 

.  oe4 

16.  lO 

VI V. 1 
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There  was  a  small  amount  of  free  iron  present  in  both  concentrates 
No.  3  and  No.  4,  which  entered  the  metal  to  an  appreciable  extent. 
This  free  iron  was  from  the  wear  of  breakers  and  stamps  during  milling 
of  the  ore.  The  influence  exerted  by  the  carbon  electrode  as  a 
reducing  agent  is  also  shown  in  the  table.  Aside  from  iron  little  at- 
tention was  paid  in  this  research  to  other  impurities  in  the  copper, 
as  it  would  be  necessary  to  refine  the  copper  in  any  case.  The  sul- 
phnr  and  arsenic  ran  about  the  same  in  all  the  samples.  However, 
it  was  desirable  to  ascertain  whether  the  ore  could  be  melted  and  the 
gangue  separated  from  the  copper  without  reduction  of  iron  by  the 
carbon  of  the  electrode  to  an  extent  that  would  contaminate  the 
product  and  cause  excessive  expense  in  subsequent  refining  in  a  rever- 
beratory  furnace.  In  the  reverberatory  furnace  the  iron  is  removed 
from  copper  by  oxidation  and  slagging,  so  that  an  excessive  amount 
of  iron,  say  over  5  per  cent,  would  increase  the  cost  of  the  process 
considerably. 

FACTOB8  AFFECnSQ  REDUCTION  OF  IRON  BT  THB   ELECTRODB. 

The  chief  factors  which  might  have  influenced  the  percentage  of  iron 
reduced  by  the  carbon  electrode  are  the  length  of  time  the  ore  was 
exposed  to  the  electrode  and  the  melting  point  of  the  slag  formed. 
The  time  of  exposure  to  the  reducing  action  of  the  electrode  did  not 
appear  to  have  a  marked  effect  on  the  percentage  of  iron  reduced, 
for  in  some  tests  a  product  high  in  iron  was  obtained  after  a  run  of 
the  same  length  of  time  as  an  experiment  in  which  the  product  con- 
tained little  iron.  For  example,  the  copper  from  run  No.  6,  which 
lasted  23  minutes,  contained  9.25  per  cent  of  iron,  whereas  that  from 
No.  9,  which  also  lasted  23  minutes,  contained  only  1.90  per  cent  of 
iron. 

A  classification  of  the  products  of  the  experiments  with  both  con- 
centrates according  to  the  oxygen  ratios  of  the  slags  does  not  show  a 
uniform  change  in  the  percentage  of  iron,  but  in  general  the  percentage 
of  iron  reduced  by  the  electrode  decreases  as  the  slag  becomes  more 
basic  and  approaches  a  monosiUcate.  This  result  is  probably  due 
entirely  to  the  higher  melting  point  of  the  more  acid  slag.  The 
furnace,  when  operating  as  a  resistance  furnace,  adjusts  itself  some- 
what to  the  melting  temperature  of  the  charge  so  that  with  a  refrac- 
tory slag  it  gets  hotter.  This  increase  in  temperature  results  in 
accelerating  the  reaction  between  the  carbon  electrode  and  the  iron 
oxide  of  the  gangue.  With  a  monosilicate  slag  containing  not  over 
15  per  cent  of  alumina  this  reduction  of  iron  need  not  result  in  a 
product  containing  over  2  per  cent  iron,  including  any  metalhc  iron 
in  the  charge.  This  was  shown  by  the  results  of  the  intermittent 
runs  (see  p.  28)  and  was  further  confirmed  by  experiment  No.  14,  in 
which  the  metals  from  three  tappings  during  continuous  operation 
4W84°— BuU.  81—15 3 
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of  the  furnace  contained,  respectively,  0.30  per  cent,  1.04  per  cent, 
and  2  per  cent  of  iron. 

The  proportion  of  the  total  electrode  consumption  used  in  the 
reduction  of  iron  varied  from  zero  to  29.1  per  cent,  the  average  for 
13  experiments  being  9.35  per  cent.  Prom  these  results  it  may  be 
seen  that,  with  a  furnace  operating  at  a  low  temperature,  the  reduc- 
tion of  iron  by  the  carbon  electrode  should  not  be  excessive,  or 
enough  to  result  in  a  product  containing  less  than  95  per  cent  of 
metallic  copper.  The  writers  believe  that  in  practice  the  contents  of 
metallic  iron  and  other  impurities  could  be  kept  as  low  as  2  per  cent, 
giving  a  product  containing  98  per  cent  copper. 

EFFECT  OF  BASE  USED. 

The  kind  of  base  used  to  form  a  monosilicate  slag  did  not  seem  to 
affect  materially  the  reduction  of  iron  oxide.  The  experiments 
indicate  that  there  was  slightly  less  reduction  with  hematite  than 
when  limestone  was  added,  but  there  is  so  little  difference  that  prob- 
ably as  good  results  could  be  obtained  with  one  flux  as  with  the  other, 
the  problem  being  simply  one  of  economics  as  to  which  is  the  cheaper. 
The  essential  point  is  to  have  a  fluid  slag  of  low  melting  point,  which 
can  be  obtained  with  either  flux.  It  was  thought  in  the  beginning  of 
the  experiments  that  by  the  use  of  a  slag  high  in  silica  it  might  be 
possible  to  eliminate  the  reducing  effect  of  the  electrode.  This  result 
was  not  accomplished  in  most  of  the  tests  because  the  slag  formed 
was  difficultly  fusible,  owing  to  the  high  alumina  content  of  the  ore. 
The  high  temperature  increased  the  reducing  effect  so  that  any  strong 
tendency  of  the  FeO  to  combine  with  the  SiOj  was  more  than  offset. 

EFFECT  OF  ALUMINA. 

Here,  as  well  as  in  the  discussion  of  copper  losses,  the  effect  of  the 
alumina,  as  regards  the  reduction  of  iron  oxide,  should  not  be  for- 
gotten. In  considering  a  series  of  very  acid  slags  for  copper  losses 
and  iron  oxide  reduction,  it  may  be  noticed  that  any  diversion  from 
high  loss  by  volatilization  was  generally  due  to  a  decrease  in  the 
percentage  of  alumina  in  the  slags.  The  adaptability  of  the  electric 
furnace  to  smelting  slags  of  high  alumina  content  is  clearly  demon- 
strated by  these  experiments.  As  before  stated,  when  the  electric 
fmnace  is  operated  with  the  charge  as  the  resistance  and  no  arcs  are 
formed,  it  adapts  itself  to  the  temperatiure  required  to  melt  the  charge 
and  produce  a  fluid  slag.  Of  course  there  are  many  slags  which 
could  not  be  melted  without  imdue  power  expenditure. 

OONCLUaiONS. 

These  experiments  show  that  the  quantity  of  metallic  iron  reduced 
by  the  action  of  the  carbon  electrode  is  so  small  as  to  be  of  no  practical 
importance  as  a  drawback  to  the  substitution  of  the  electric  furnace 


SMELTING  OF  NATIVE  COPPEB  0BE8. 


35 


for  the  reverberatory  furnace  in  the  smelting  of  these  concentrates. 
The  above  statement  also  applies  to  sulphide  copper  ore.  The  small 
amount  of  iron  which  is  reduced  alloys  with  the  copper,  or,  if  the  ore 
is  a  sulphide,  enters  the  matte  and  increases  its  collecting  power  for 
gold,  especially  if  the  matte  consists  mainly  of  FeS.  In  either  case 
not  enough  iron  could  be  reduced  to  form  a  product  so  impure  that 
excessive  refining  or  reconcentration  would  be  necessary. 

POWER   CJONSUMPTION. 

With  the  exception  of  the  continuous  run,  experiment  No.  14,  the 
lowest  power  consumption  and  in  general  the  best  results  of  all  the 
esperiments  were  obtained  in  experiment  No.  10,  in  which  concen- 
trate No.  3  was  fluxed  with  limestone.  For  comparing  the  theoretical 
power  consumption  with  the  actual  consumption  the  charge  used  in 
this  run  is  taken  as  a  basis. 

For  convenience,  the  residts  of  this  run  will  be  reduced  to  the  basis 
of  1,000  kilograms  of  ore;  that  is,  1  metric  ton  (2,204  pounds).  The 
quantity  of  limestone  required  to  flux  1,000  kilograms  of  ore  is  220 
kil(^rams.  The  metal  is  assumed  to  contain  2.50  per  cent  iron,  which 
includes  that  reduced  irom  the  FeO  of  the  ore  by  the  carbon  electrode, 
and  any  metallic  iron  present.  The  gases,  CO  from  the  electrode  and 
CO,  from  the  limestone,  are  assumed  to  escape  at  an  average  temper- 
ature of  500®  C.  at  the  top  of  the  furnace  during  the  melting  stage. 
This  temperature  is  high,  but  there  was  no  shaft  on  the  furnace.  The 
ore  is  assumed  to  be  dry  and  of  the  composition  given  on  page  22. 
The  loss  of  copper  in  the  slag  is  assumed  to  be  0.33  per  cent  of  the  total 
amount  of  copper  in  the  ore  charged. 

The  results,  computed  on  this  basis,  are  as  follows: 

RetuUt  of  smelting  concentrate  No,  S  with  limestone  fittx  on  basis  of  1,000  kilograms  of 

orCy  experiment  No.  10. 


Quantity 
charged  or 
ooosumed. 

Quantity  in  product  formed. 

Metal. 

Slag. 

Oases. 

Ot«No,3: 

Co 

KOm. 

873.6 

333.3 

122.7 

87.8 

51.8 

10.9 

34.3 

KUot. 
372.27 

KUo9. 

1.23 

333.30 

113.17 

87.8 

51.8 

10.9 

82.6 

121.0 
19.09 

KikHi. 

8K)i. 

?te 

9.53 

AkOi 

Q»0 - 

IfcO 

of:.:::::::: 

1.8 

UnMBtQiMfliiz: 

CaO 

1,000.0 

121.0 
19.00 
79.2 
14.1 

17.0 

lUO 

Ss.::::::::::::.:.. :....: 

79.2 

Gutwiiofelaotrode. 

14.1 

Oxygnfram  alr\  oompletaly  bamed  to  CO«  witb  ozygenfrom 

17.0 

TotoL 

1,264.09 

381.80 

770.79 

112.1 
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Results  of  smeUing  ooncerUrate  No,  3  with  limestone  flux  on  basis  of  1,000  kilograms  of 

ore,  experiment  No.  10 — Continued. 


COMPOSITION  OF  SLAO. 


Constituent. 


Cu... 
SiOi.. 
CsO.. 
MgO. 
FeO.. 
AlsOs 


The  wide  diflFerence  between  the  actual  analysis  and  the  calculated 
composition  of  the  slag  may  be  accounted  for  by  several  factors  which 
must  be  taken  into  consideration.  Possibly  some  of  the  fire-brick 
lining  was  fused  and  entered  the  charge,  thus  increasing  the  alumina 
content;  or  some  of  the  previous  charge,  which  contained  hematite, 
may  have  been  left  in  the  furnace;  also  during  the  run  considerable 
limestone  was  carried  out  of  the  furnace  by  the  gases. 

In  the  calculation  of  the  theoretical  power  required  it  seems  best  to 
consider  the  melting  point  of  the  slag  as  that  of  the  slag  actually 
obtained.  According  to  Hofman  *  the  melting  point  of  a  slag  con- 
taining 32.1  per  cent  SiOj,  17.95  per  cent  FeO,  16  per  cent  CaO,  and 
11.37  per  cent  Al^Oj  is  1,310°  C.  and  that  of  a  slag  containing  32.1  per 
cent  SiOj,  24.69  per  cent  FeO,  22  per  cent  CaO,  and  11.37  per  cent 
AI2O3  is  1,145°  C.  The  melting  point  of  the  slag  actually  obtained  in 
run  No.  10  is  assumed  to  be  1,250°  C.  and  the  temperature  necessary  to 
make  it  flow  to  be  1,350°  C.  The  quantity  of  heat  necessary  to  melt 
and  superheat  the  slag  is  assumed  to  be  600  calories  per  kilogram.  In 
oxidizing  C  to  CO,  8,100  calories  are  developed  per  kilogram  of  carbon. 
The  amoimt  of  heat  necessary  to  reduce  1  kilogram  of  Fe  from  FeO  is 
assumed  to  be  1,173  calories.  The  quantity  of  heat  necessary  to  expel 
1  kilogram  of  CO2  from  CaCO,  is  191  calories.  The  specific  heat  of  dry 
carbon  monoxide  at  0°  to  500°  C.  is  0.256  calorie  per  kilogram  and 
that  of  carbon  dioxide  is  0.245  calorie  per  kilogram.  It  is  assumed 
that  204  calories  of  heat  are  required  to  melt  and  superheat/ 1  kilogram 
of  pure  copper,  and  that  370  calories  are  reqidred  for  1  kilogram  of 
iron.  The  metal  contained  some  iron,  but  owing  to  insufficient  data 
on  the  speciBc  heats  of  alloys  of  iron  and  copper,  the  specific  heat  of 
pure  copper  is  used.  All  of  the  heat  constants  are  taken  from  Rich- 
ards's  ''Metallurgical  Calculations." 

The  theoretical  amount  of  heat  required  to  smelt  1,000  1^.  of  ore 
may  now  be  computed,  as  f oUows : 

a  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  886. 
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Th&)r€iical  amount  of  heat  required  to  smelt  1,000  kg.  of  ore. 

Caloiies. 

Melting  and  superheating  372.27  kg.  of  copper 372.27X204=:  75, 943 

Melting  and  superheating  9.53  kg.  of  iron 9.53X370=    3, 386 

Reducing  9.53  kg.  of  Fe  fromFeO.... 9.53X1,170=  11,178 

Melting  and  superheating  770.79  kg.  of  slag. . : 770.79X600=462, 474 

Raising  the  temperature  of  32.8  kg.  of  GO  to  500^  C 

500X0.256X32.8=    4,195 

Raising  the  temperature  of  79.2  kg.  of  CO,  to  500""  C 

500X0.245X79.2=    9,650 


Total ^ 566,826 

Amount  of  heat  supplied  by  combustion  of  14.1  kg.  of  carbon    === 

14.1X8,100=114,210 

Amount  of  heat  supplied  by  electric  current 452, 616 

Total 566.826 

The  theoretical  amount  of  electrical  enei^  required  for  smeltii^ 

452  616 
No.  3  concentrate  is  — j~= —  =  529  kilowatt-hours  per  metric  ton  of 

concentrate  charged,  or  481  kilowatt-hours  per  short  ton,  or  0.055 
kilowatt-year  per  ton.  On  the  basis  of  total  charge  the  energy 
consumption  is  393  kilowatt-hours  per  short  ton  of  charge  or  0.045 
kilowatt-year  per  ton.  The  theoretical  energy  consumption  per  pound 
of  copper  prpduced  is  0.63  kilowatt-hour. 

In  experiment  No.  10  the  actual  power  consumption  was  1,310 
kilowatt-hours  per  ton  of  ore  smelted,  1,280  kilowatt-hours  per  ton  of 
charge  smelted,  and  1.77  kilowatt-hours  per  pound  of  metal  tapped. 
As  1,310  kilowatt-hours  per  ton  of  ore  smelted  were  actually  used, 
whereas  481  kilowatt-hours  per  short  ton  are  theoretically  required, 
without  allowing  for  heat  losses  or  other  inefficiency,  the  furnace 
used  2.72  times  more  power  than  was  theoretically  necessary,  or  it 
had  a  heat  efficiency  of  36.76  per  cent. 

The  power  consumption  in  experiments  1  to  13,  tabulated  according 
to  the  oxygen  ratios  of  the  slags,  is  as  follows: 

Power  contumption  in  smelting  tests  ofruUive  copper  concentrates. 


I 


pcri- 


No. 


4 

1 

3 

5 

7 

6 

2 

9 

8 

12 

10 

13 

U 


Ore  used. 


FLux. 


CoEieentrate  No.  4 . 

Silica 

....do 

None 

....do 

Silica 

....do. 

do 

....do 

do 

....do 

do 

....do 

None 

....do 

Hematite 

Oonoeotrate  No.  3 . 

do 

LimestoDe  and  hematite . . . 

....do 

T^iraeBtone 

do 

T4iD48tone  and  h^matitA  r   . 

«  •  ■  aUU*  ••••*••**•* 

do 

Oxygen 

ratio. 

/Acid  0\ 

VBasic  0/ 


1.97 

1.85i 

1.G8 

1.60 

1.69 

1.28 

1.10 

.87 
1.44 

.93 

.91 

.82 

.70 


Power  consmnption- 


Per  pound 
of  metal 
tapped. 


Kw. 


•Jumrt. 
3.53 
4.05 
3.67 
6.30 
4.19 
4.75 
4.13 
4.73 
2.13 
2.06 
1.77 
2.77 
2.68 


Per  ton  of 
ore 

smelted. 


Kw. -hours. 
1,450 
2,425 
1,820 
1,600 
1,130 
1,320 
1,500 
1,565 
1,490 
2,070 
1,310 
1,780 
1,880 


Per  ton  of 

charge 

smelted. 


Kw. -hours. 
1,320 
2,425 
1,740 
1,330 
1,015 
1,075 
1,500 
1,425 
1,420 
1,455 
1,280 
1,100 
1,565 
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As  some  of  the  charges  were  treated  longer  than  was  absolutely 
necessary,  the  power  consumption  varied  and  the  results  are  not 
uniform.  The  power  consumption  per  pound  of  metal  tapped 
in  some,  of  the  runs  with  No.  4  concentrate  was  high,  owing  to  the 
low  amount  of  metal  tapped,  but  of  course  was  less  when  concentrate 
No.  3,  which  contained  a  higher  percentage  of  copper,  was  charged. 
A  low  power  consumption  per  ton  of  charge  was  obtained  with  No.  4 
ore  in  experiments  6  and  7,  in  which  slags  with  oxygen  ratios  of 
1.28  and  1.59,  respectively,  were  produced,  but  the  volatilization 
loss  was  so  high  as  to  prohibit  the  use  of  such  charges.  The  lowest 
power  consumption  obtained  in  any  of  the  experiments  in  which 
copper  losses  were  not  excessive  was  in  runs  10  and  13,  being  1,280 
and  1,100  kilowatt-hours  per  ton  of  charge.  Limestone  flux  was  used 
for  No.  10  and  a  mixture  of  limestone  and  hematite  for  No.  13,  the 
oxygen  ratios  of  the  slags  being  0.91  and  0.82,  respectively. 

In  general  it  may  be  stated  that  the  most  satisfactory  results,  as 
regards  both  power  consumption  and  copper  losses,  are  obtained 
when  the  native  copper  concentrate  is  fluxed  with  limestone  or 
hematite,  or  both,  in  such  proportions  that  the  slag  formed 
approximates  a  monosilicate.  With  the  small  furnace  used,  which 
required  40  kilowatts — the  average  in  14  experiments — a  heat 
efficiency  of  36.76  per  cent  was  obtained.  A  750  kilowatt  commercial 
furnace  of  modern  design,  equipped  with  feeding  shafts  and  a  covered 
top,  when  working  on  similar  ore  should  have  a  heat  efficiency 
of  70  per  cent  and  possibly  higher,  as  the  process  consists  of  simply 
melting  the  ore,  but  70  per  cent  may  be  taken  as  a  safe  figure.  In 
experiment  No.  14,  in  which  the  furnace  was  run  continuously  on  the 
same  kind  of  charge  as  was  used  in  No.  10,  the  power  consumption 
was  even  lower  than  in  No.  10,  because  of  the  continuous  charging, 
being  1.76  kilowatt-hours  per  pound  of  metal,  1,190  kilowatt-hours 
per  ton  of  ore,  and  1,075  kilowatt-hours  per  ton  of  chaige. 

On  the  basis  of  70  per  cent  efficiency  a  large  750-kilowatt  furnace 

would  consume  only  -=7j—X  100  =  52.5  per  cent  as  much  energy  as 

the  small  40-kilowatt  furnace  in  smelting  the  same  amount  of  ore. 
Hence  it  may  be  stated  that  the  following  power-consumption 
figures  should  be  obtained  in  smelting  fine  Michigan  native  copper 
concentrates,  containing  from  25  to  40  per  cent  copper,  in  a  750- 
kilowatt  commercial  electric  furnace:  Kilowatt-hours  per  pound 
of  metal  tapped,  0.525X1.76  =  0.92;  kilowatt-hour  per  ton  of  ore 
smelted,  0.525  X  1,190 =625;  kilowatt-hours  per  ton  of  chaige  smelted, 
0.525X1,075  =  564. 

OPERATION  OF   FURNAOE. 

No  difficulty  was  experienced  in  operating  the  furnace  on  the 
resistance  principle.  The  fineness  of  the  material  assisted  in  this  con- 
siderably, as  there  was  not  so  great  a  tendency  for  arcking  with  the 
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particles  of  the  chaise  packed  closely.  After  the  first  few  experi- 
ments it  was  found  that  the  furnace  worked  best  at  70  volts,  and  the 
voltage  was  kept  at  about  70  during  later  runs.  The  average  power 
on  the  furnace  was  40  kilowatts  at  a  voltage  of  73  volts  and  an  amper- 
age of  621  amperes.  The  power  factor  was  high;  averaging  0.95.  As 
the  furnace  was  over  powered  little  difficulty  was  experienced  in 
starting  it.  The  fire-brick  walls  were  not  corroded  appreciably  by 
the  chaige,  but  when  superheating  was  prolonged  after  the  charge 
had  been  melted  the  fire  brick  melted  in  some  pjiaces  and  mixed  with 
the  slag.  This  accounts  for  the  variable  nature  of  the  slag  as  com- 
pared with  that  of  the  materials  charged.  The  carbon  bottom  used 
in  the  first  three  experiments  was  not  properly  put  in  and  was 
replaced  by  another  rammed  in  harder,  which  lasted  throughout  the 
experiments,  and  was  apparently  not  at  all  affected.  Ground*  coke 
mixed  with  tar  to  a  paste  gives  as  good  satisfaction  as  ground  graphite 
electrode  butts. 

ELECTRODE   CONSUMPTION. 

The  average  electrode  consumption  throughout  all  of  the  experi- 
ments was  34.5  pounds  of  graphitized  carbon  per  short  ton  of  chaige. 
The  highest  consumption,  48  poimds,  was  in  experiment  No.  1  and 
the  lowest,  22.1  pounds,  was  in  experiment  No.  14.  This  last  figure 
more  nearly  represents  practical  working  conditions  and  could 
undoubtedly  be  attained,  and  even  bettered,  in  practice.  The  atmos- 
phere of  the  electric  furnace  is  practically  neutral  during  the  melting 
of  a  material  in  which  all  of  the  iron  oxide  (FeO)  is  combined  to  form 
a  silicate.  For  this  reason  the  consumption  of  the  electrode,  although 
it  would  not  be  as  low  as  in  a  reducing  atmosphere,  should  not  be 
excessive,  because  of  the  combined  state  of  the  ferrous  oxide.  In 
practice  the  electrode  consumption  should  not  exceed  10  pounds  per 
ton  of  charge  and  probably  would  be  much  less. 

From  these  results  it  is  evident  that  the  loss  of  electrodes  through 
contact  with  the  charge  would  not  form  a  serious  objection  to  the  sub- 
stitution of  the  electric  furnace  for  the  reverberatoiy  furnace  in 
smelting  copper  ores.  If  aU  of  the  electrode  consiunption  were  used 
in  the  reduction  of  oxides,  the  amount  of  enei^  consumed  in  supply- 
ing heat  for  reactions  might  be  appreciable,  but  as  an  average  of 
only  9.35  per  cent  of  the  total  electrode  loss  was  so  used  any  loss  of 
electrical  energy  in  this  way  may  be  considered  as  negligible.     . 

UTILIZATION  OF  SLAGS  FOB  PBODUCTION  OF  FEBBOSILICON. 

In  connection  with  the  electric  smelting  of  both  oxide  and  sulphide 
ores  of  copper,  the  idea  has  always  been  prevalent  that  it  is  possible 
to  utilize  the  slag  for  making  ferrosiUcon  in  the  electric  furnace,  but 
not  much  actual  experimental  work  has  been  done  to  determine  the 
feasibility  of  the  process. 
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To  obtain  information  on  the  factors  involved  a  series  of  experi- 
ments was  undertaken. 

Five  experiments  were  made,  using  two  lots  of  slag  produced  in 
smelting  the  native  copper  concentrates.  The  composition  of  these 
slagSy  as  shown  by  analysis,  was  as  follows: 


Anaiysea  of  slags  used. 

Constituent. 

• 

No.1. 

No.  2. 

CaO 

Percent. 

0.22 

46.19 

0.61 

2.66 

24.10 

16.68 

Per  cent. 
0.80 

SlOt 

34.63 

CaO..                           

16.54 

M«0 

3.57 

Feb.'..'."!.'!!!!.!.!.!!...!! 

28.24 

AliOi., 

14.75 

The  coke  that  was  used  contained  84.38  per  cent  of  fixed  carbon, 
0.34  per  cent  of  moisture,  0.61  per  cent  of  volatile  and  combustible 
matter,  and  14.67  per  cent  of  ash.  The  iron  ore  and  silica  were  of 
the  composition  given  on  pages  21  and  22.  The  results  of  the  tests 
are  negative,  but  are  given  to  show  that  the  making  of  ferrosilicon 
from  copper  slags,  which  has  been  assumed  by  some  writers  to  be 
possible  without  experimental  confirmation,  is  a  difficult  matter. 

EXPERIMENT   WITH  SLAG  AND  COKE. 

In  the  first  experiment,  No.  15,  61.6  poimds  of  slag  No.  1  and  17.6 
pounds  of  coke  were  charged.  There  was  some  copper  frozen  in  the 
furnace  when  it  was  charged,  which  partly  accounts  for  the  high  per^ 
centage  of  copper  in  the  product.  An  attempt  was  made  to  operate 
the  furnace  continuously,  but  both  the  metal  and  the  slag  were  too 
thick  to  flow  from  the  furnace,  although  several  attempts  were  made 
to  tap  it  during  the  run.  At  the  end  of  the  run  8.3  pounds  of  metal 
were  tapped,  but  the  slag  would  not  flow.  The  slag  was  removed  as 
far  as  possible  by  balling  with  iron  rods,  and  what  could  not  be  re- 
moved in  this  way  was  chiseled  out  when  cold.  The  total  amount  of 
slag  obtained  was  59.3  pounds.  The  inetal  was  very  brittle,  looked 
like  white  iron,  and  had  the  appearance  of  ferrosilicon  containing  25 
per  cent  of  silicon.  Dense  white  fumes  were  given  off  during  the  run. 
The  power  consumption  was  3.82  kilowatt-years  per  ton  of  metal 
tapped,  or  about  10  times  the  power  required  to  produce  1  ton  of 
''25  per  cent"  ferrosilicon  from  iron  turnings,  quartz,  and  coal  in  a 
commercial  ferrosilicon  furnace.  Coke  was  charged  in  amount  suffi- 
cient to  reduce  all  iron  and  silicon  charged.  Possibly,  however,  some 
silicon  carbide  was  formed,  as  this  compound  tends  to  form  if  an  ex- 
cess of  coke  be  present.  The  effect  of  silicon  carbide  is  to  make  the 
slag  thick.  The  amount  of  copper  in  the  metal  was  considerably 
greater  than  the  amount  charged,  for  the  reason  previously  stated. 
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The  product  contained  21.23  per  cent  silicon,  58.01  per  cent  iron, 
19.35  per  cent  copper,  0.02  per  cent  phosphorus,  and  a  trace  of 
sulphur.  The  slag  contained  46.25  per  cent  SiO,,  22.4  per  cent  Al^O,, 
14.6  per  cent  FeO,  9.81  per  cent  CaO,  and  2.70  per  cent  MgO. 

EXPEEIMENT   WTTH   SLAQ,  QUABTZ,  AND  COKE. 

In  experiment  No.  16  the  charge  consisted  of  44  pounds  of  slag  No. 
2, 14.65  pounds  of  quartz,  and  1^24  pounds  of  coke.  The  charge  was 
calculated  to  give  a  product  containing  50  per  cent  of  silicon  and  a 
slag  containing  40  per  cent  of  SiO,,  on  the  assumption  that  all  of 
the  coke  was  used  for  the  reduction.  The  results  were  similar  to 
those  obtained  in  the  previous  run;  the  slag  fused,  but  would  not  flow 
from  the  furnace,  the  yield  of  metal  was  low,  and  the  power  consump- 
tion was  high.  The  ferrosilicon  contained  18.38  per  cent  silicon,  73.02 
per  cent  iron,  7.01  per  cent  copper,  0.08  per  cent  sulphur,  and  0.04 
per  cent  phosphorus.  The  slag  contained  49.63  per  cent  SiOj,  27.24 
per  cent  Al^O,,  9.76  per  cent  FeO,  9.85  per  cent  CaO,  and  2.60  per 
cent  M^. 

OTHER  EXPERIMENTS. 

Three  other  experiments  were  conducted  in  which  even  more  nega- 
tive results  were  obtaiaed.  In  one,  iron  ore  was  added  to  ascertaia 
whether  the  presence  of  iron  in  an  easily  reducible  form  would  accel- 
erate the  silicate  reduction,  just  as  it  lowers  the  reduction  tempera- 
ture of  silica  not  combined  as  silicate,  but  no  beneficial  effect  was 
obtained.  In  these  runs  part  of  the  slag  would  flow  from  the  furnace, 
but  the  product  was  a  high-sihcon  pig  iron.  Fine  grinding  was  tried, 
but  it  caused  the  material  to  pack  so  that  the  furnace  could  not  be 
madi  to  arc  steadily,  and  the  maintenance  of  a  steady  arc  is  necessary 
to  attain  a  high  enough  temperature  for  the  production  of  ferrosihcon. 

DISCUSSION  OF  RESULTS. 

In  these  particular  experiments  the  production  of  ferrosilicon  from 
slag  in  the  electric  furnace  must  be  accounted  a  failure  because  of  the 
low  yield  of  ferrosilicon,  due  to  the  difficulty  of  reducing  the  silicate 
and  to  the  tendency  of  the  constituents  of  the  slag  other  than  iron 
and  silica  to  rob  the  ferrosilicon  of  those  elements.  As  a  result  of 
this,  the  power  consumption  and  the  difficulty  of  operating  the  furnace 
were  too  great  for  practical  purposes.  The  remarks  on  the  results  of 
these  experiments  apply  in  general  to  the  production  of  ferrosilicon 
from  slags.  The  writers  believe  that  it  would  be  impractical  to  at- 
tempt the  manufacture  of  ferrosilicon  from  a  slag  containing  more 
than  10  per  cent  of  oxide  other  than  FeO  or  SiOj  because  of  the  clog- 
ging up  of  the  furnace  with  the  difficultly  fusible  slag  resulting. 
"With  even  10  per  cent  of  oxide  present  to  form  a  slag  with  the  FeO 
and  SiO„  it  would  probabjy  not  be  possible  to  make  a  ferrosilicon 
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containing  over  30  per  cent  silicon.  In  the  commercial  production 
of  ferrosilicon  from  iron  turnings  and  silica  in  the  electric  furnace, 
"30  per  cent"  ferrosilicon  can  be  made  if  some  slag  is  present;  a  ''50 
per  cent"  product  can  be  made  only  with  difficulty,  and  higher  grades 
not  at  all,  if  any  slag  is  formed. 

Even  if  the  proper  slag  is  available,  the  process,  except  under  un- 
usual circumstances,  does  not  seem  commercially  attractive.  A 
copper  smelter  is. usually  situated^in  a  district  remote  from  steel 
centers,  where  the  greatest  market  for  ferrosilicon  is  foimd.  The 
slag,  in  order  to  compete  with  iron  turnings,  or  iron  ore,  and  quartz 
or  sfand  as  raw  material  for  making  ferrosilicon,  must  be  cheap 
enough  to  offset  the  disadvantages  of  being  possibly  farther  from  the 
market,  and  requiring  a  higher  power  consumption. 

CONCLT7SIONS. 

The  conclusions  that  were  drawn  from  the  experiments  described 
m  the  preceding  pages  are  asfoUows: 

1.  Fine  Michigan  native  copper  concentrates  can  be  smelted  in  the 
electric  furnace  with  the  production  of  a  good  grade  of  black  copper 
and  without  excessive  losses  of  copper  in  the  slag  or  by  other  means. 

2.  The  percentage  of  copper  in  slag  of  the  proper  composition  need 
not  be  more  than  0.25  per  cent.  The  proportion  of  total  copper 
charged  that  is  lost  in  slag  should  not  exceed  0.5  per  cent,  and  all 
other  losses  should  not  exceed  1  per  cent,  or  the  total  loss  should 
be  not  more  than  1.5  per  cent. 

3.  The  loss  of  copper  by  volatilization  is  high  if  the  slag  is  much 
more  acid  than  a  mcmosilicate  or  if  it  contains  much  alumina. 
The  lowest  losses  were  obtained  when  limestone  was  added  to  form 
a  slag  containing  35  per  cent  of  SiO,,  22  per  cent  of  CaO  and  MgO, 
and  25  per  cent  of  FeO. 

4.  The  difference  between  limestone  and  hematite  as  a  flux  is  not 
marked,  one  being  about  as  efficient  for  this  purpose  as  the  other  if 
the  slag  is  not  of  too  high  a  specific  gravity.  No  more  iron  was 
found  in  the  black  copper  product  when  hematite  was  used  than 
when  limestone  was  used. 

5.  With  a  furnace  operating  at  a  low  temperature  on  a  mono- 
silicate  slag,  the  reduction  of  iron  by  the  carbon  electrode  should  not 
be  excessive  or  sufficient  to  result  in  a  product  containing  less  than 
95  per  cent  of  metallic  copper.  With  care  a  product  containing 
98  per  cent  of  copper  could  probably  be  produced  regularly. 

6.  The  total  electrode  consumption  greatly  exceeded  the  amount 
of  carbon  necessary  for  reduction  of  the  iron  found  in  the  metal,  as 
an  average  of  only  9.35  per  cent  of  the  total  amount  of  electrode  con- 
sumed was  used  in  iron  reduction.  In  practice  the  electrode  con- 
sumption should  not  exceed  10  pounds  per  ton  of  charge. 
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• 

7.  The  electric  furnace  operates  satisfactorily  with  the  highly  sili- 
oeous-aluininoiis  slag  produced  by  the  natural  gangue  without  flux, 
but  the  losses  by  volatilization  are  high  because  of  the  high  melting 
pomt  of  the  slag.  There  was  no  copper  oxide  in  the  product,  as  was 
shown  by  microscopic  examinations. 

8.  The  power  consumption  for  smelting  fine  Michigan  native  copper 
concentrates,  carrying  25  to  40  per  cent  of  copper,  in  an  electric 
furnace  of  750  kilowatts  or  greater  capacity  should  not  exceed  625 
kilowatt-hours  per  ton  of  ore  smelted. 

9.  The  production  of  ferrosiUcon  from  the  copper  slags  can  not 
be  economically  accomplished  if  the  slag  contains  large  proportions 
of  components  other  than  ferrous  oxide  and  silica. 

PROPOSED  PROCESS  FOR  ELECTRIC  SMELTINO  OF  FINE 

NATIVE  COPPER  CONCENTRATE. 

'  The  commercial  smelting  of  fine  native  copper  concentrate  in  the 
electric  furnace,  in  order  to  attain  the  greatest  economy,  would  be 
a  continuous  operation.  The  process  would  consist  of  charging  the 
mixture  of  ore  and  &\xx  at  intervals  into  the  top  of  an  electric  furnace 
haying  a  short  stack  above  the  smelting  crucible  for  preheating  the 
charge  before  it  reached  the  smelting  zone,  and  tapping  the  metal  at 
intervab,  the  slag  being  permitted  to  run  continuously  from  the 
furnace  through  a  slag  notch  above  the  metal  hole. 

The  possibility  of  operating  a  furnace  in  this  manner  was  shown 
in  experiment  No.  14.  There  was  an  average  of  1.10  per  cent  of 
iron  in  the  product,  and  1.37  per  cent  of  copper  in  the  slag.  The 
total  loss  of  copper  was  as  low  as  in  the  intermittent  runs  and  was 
largely -due  to  the  small  scale  of  the  operation.  The  loss  of  copper 
m  the  slag  was  high  because  of  imperfect  settling  and  because  of  the 
tappingof  partly  fluid  material  with  the  slags,  a  condition  that  would 
not  occur  in  a  large  furnace  properly  operated.  The  power  consump- 
tion was  lower  than  in  the  other  experiments. 

DBSOBIPTION  OF  FUBNACB. 

The  furnace  features  essential  to  the  success  of  this  process  are  a 
credible,  in  which  the  electrical  energy  is  introduced,  and  in  which  the 
metal  settles  from  the  slag,  and  a  short  shaft  above  the  crucible  for 
preheating  the  charge  before  it  reaches  the  smelting  zone.  As  there 
is  no  reduction  to  be  performed  in  the  shaft  it  need  not  be  higher  than 
to  ^ve  plenty  of  space  between  the  top  of  the  crucible  and  the 
charging  floor  for  head  room  in  moving  the  electrodes. 

A  furnace  of  the  type  shown  in  figures  3  and  4  satisfies  these  condi- 
tions. The  furnace  has  a  smelting  chamber,  a,  lined  with  fire  brick  or 
silica  brick;  three  carbon  electrodes,  6,  suspended  vertically  through 
the  roof;  and  a  feeding  shaft,  c,  which  is  fined  with  fire  brick,  over 
the  crucible. 
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A  750-kilowatt  furnace  of  this  type  would  smelt  in  24  hours  about 
23  tons  of  native  copper  concentrates,  carrying  25  to  40  per  cent 
copper.  This  furnace  would  be  operated  with  three-phase  current  at 
from  50  to  100  volts.  The  internal  dimensions  of  a  750-kilowatt 
furnace  of  this  type  are  as  follows:  The  crucible  is  14  feet  6  inches  in 
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diameter  and  9  feet  high,  the  shaft  is  1  foot  6  inches  in  diameter  and 
1 8  feet  6  inches  high. 

As  regulation  of  electrodes  would  not  be  necessary  in  this  type  of 
furnace  when  in  regular  operation  the  electrical  connections  are  made 
close  to  the  roof  of  the  furnace,  and  regulation  is  by  hand.  There  is 
less  difficulty  in  handling  the  electrodes  if  they  are  suspended  verti- 
cally, and  the  vertical  shaft  eliminates  the  need  of  suspending  the 
electrodes  at  an  angle  of  about  55  degrees. 

The  slag  from  such  a  furnace  should  not  contain  more  than  0.25  per 
cent  copper,  and  could  be  discarded  at  once  without  further  treatment. 


SMELTING  OF   NATIVE  GOPPEB  0BE6. 


45 


It  could  be  granulated  with  water  as  discharged  from  the  furnace. 
The  metal  would  require  further  refining  for  elimination  of  iron  and 
other  impurities^  and  could  be  charged  directly  from  the  electric  fur- 
nace into  a  reverberatory  furnace  and  refined  as  previously  described. 

0OMPABI8ON  OF  PBOPOSBD  AND  PBESENT  METHODS. 

The  present  method  of  treating  these  concentrates  consists  of  the 
following  steps: 

1.  The  coarse  concentrate  is  melted  and  refined  in  either  one  or 
two  reverberatory  furnaces,  from  which  a  slag  is  produced  containing 
from  10  to  30  per  cent  copper. 

2.  The  fine  concentrate  is  agglomerated  in  a  reverberatory  furnace, 
or  briquetted  with  lime. 

3.  The  slags  from  the  reverberatory  furnace  and  the  agglomerated, 
or  briquetted,  fine  •  material  is 
smelted  with  coke  in  a  blast  fur- 
nace. The  slags  from  the  blast 
furnace  contain  0.6  to  0.8  per 
cent  copper  and  the  metal  90  to 
95  per  cent  copper. 

4.  The  metal  from  the  blast 
furnace  is  re-treated  in  a  rever- 
beratory furnace. 

There  would  be  the  following 
advantages  in  using  th^  electric 
furnace  for  smelting  these  con- 
centrates: (1)  No  agglomeration 
or  briquetting  would  be  neces- 

sarv'  (2)  none  of  the  sla^  nro-  Pi^^7IUb4.— Plan  of  electric  fumace  for  smelting  native 
J         ,  ,  _  .  ^     ^  copper  concentrates. 

duced  would  reqmre  re-treatment ; 

(3)  a  large  proportion  of  the  higher  grade  concentrates,  containing  75 
per  cent  copper,  could  be  mixed  with  the  fine  concentrates  and  treated 
directly  in  the  electric  furnace,  thus  reducing  the  amount  of  slag  neces- 
sary for  resmelting;  and  (4)  if  cheap  power  were  available  the  electric 
furnace  could  be  used  for  reducing  the  copper  from  the  reverberatory 
slags.  The  resulting  metal  would  probably  be  lower  in  iron,  and  the 
slag  lower  in  copper  because  of  the  greater  ease  of  regulating  the 
reducing  atmosphere  in  the  electric  furnace,  as  the  amount  of  coke 
is  suflScient  only  fcfir  the  reduction  of  the  combined  copper. 

The  limit  to  the  amount  of  higher  grade  concentrates  that  could  be 
mixed  with  the  fine  material  would  be  determined  by  the  electrical 
conductivity  of  the  mixture  in  the  furnace.  In  the  experiments 
performed,  no  short  circuits  or  other  difiiculties  were  experienced  in 
smelting  a  charge  containing  37  per  cent  metallic  copper.  The 
pomt  to  which  the  proportion  of  ^  copper  in  the  charge  could  be 
increased  would  have  to  be  ascertained  by  experiment. 
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Technically,  the  electric  furnace  does  away  with  the  necessity  of 
briquetting  or  nodnUzing  the  fine  concentrates  and  in  general  facili- 
tates handling  of  the  materials.  The  commercial  factors  influencing 
the  choice  of  the  method  to  be  adopted,  as  regards  cost,  would  largely 
depend  upon  local  cost  of  power  and  fuel.  As  regards  present  prac- 
tice, the  cost  of  fuel,  the  cost  of  briquetting  or  nodulizing,  and 
possibly  a  higher  labor  cost  are  to  be  set  against  the  cost  of  power 
for  electric  smelting.  Even  if  the  cost  of  pow;er  were  equal  to  these 
three  factors,  the  electric  furnace  might  still  have  the  advantage 
because  of  ease  of  operation. 

In  the  case  of  a  mine  remote  from  smelting  plants  it  might  be 
cheaper  to  concentrate  by  smelting  in  a  small  electric  furnace  the 
low-grade  product  obtained  by  wet  concentration  and  thus  reduce 
the  cost  of  freight.  Also  to  save  losses  in  wet  conoentration  the 
ore  might  not  be  so  highly  concentrated  by  wet  methods,  a  low-grade 
concentrate  being  made  which  could  be  smelted  directly  in  the  electric 
furnace,  the  high-grade  black  copper  made  being  shipped  to  a  custom 
smelter. 

COST  OF  BI<EOTBIC  SMELTING  COMPABED  WITH  COST  OF  PBESENT 

METHODS. 

Some  reliable  figures  have  been  obtained  by  the  bureau  regarding 
the  cost  ol  smelting  fine  native  copper  concentrates  in  Michigan. 
These  concentrates,  containing  35  per  cent  copper,  are  agglomerate 
in  a  reverberatory  furnace.  One  ton  of  concentrate  yields  0.21 
ton  of  metallic  copper  and  0.79  ton  of  slag  containing  18  per  cent 
copper.  The  slag  is  resmelted  in  a  blast  furnace  and  the  copper  is 
refined  in  a  reverberatory  and  made  into  marketable  shapes.  On 
resmelting  in  the  blast  furnace,  0.79  ton  of  slag  yields  0.162  ton  of 
cupola  block  containing  88.9  per  cent  copper.  The  blast  furnace 
dag  averages  0.6  to  0.8  per  cent  copper.  These  blocks  are  refined 
in  a  reverberatory  furnace,  the  yield  from  0.152  ton  being  0.129  ton 
of  copper  and  0.023  ton  of  slag.  The  copper  is  made  into  marketable 
forms  and  the  slag  is  re-treated  in  the  blast  furnace. 

Thus  in  treating  one  ton  of  concentrates  a  total  of  0.813  ton  of 
slag  must  be  re-treated  in  the  blast  furnace. 

The  cost  of  smelting  concentrates  by  the  above  method  is  given 
in  the  table  following.  The  cost  figures  include  overhead  chaises, 
all  repairs,  and  maintenance  of  plant,  but  not  amortization  of 
investment. 
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Cott  o/imeUingl  Umof'^SS  per  cent**  native  copper  ooneerUraU  by  reverberaiory  process. 

Per  ton  of 
oonoentrate. 

Smeltang  1  ton  of  concentrate  in  reverberatory  furnace $3. 69 

Making  marketable  shapes  from  0.21  ton  of  copper,  at  $1.96  per 

ton 41 

Beamelting  0.79  ton  of  slag  in  blast  furnace,  at  $4.71  per  ton 3.  72 

Refining  0.152  ton  of  "cupola  block  "  in  reverberatory,  at  $2.77 

per  ton 42 

Making  marketable  shapes  from  0.129  ton  of  copper,  at  $1.96  per 

ton 26 

Treatment  of  0.023  ton  of  slag  in  blast  furnace,  about 15 


Total. 


8.64 


For  estimating  the  cost  of  treatment  of  these  concentrates  by 
the  combined  electric  and  reverberatory  process,  the  electric  furnace 
is  assumed  to  be  a  750-kilowatt  furnace  with  a  capacity  of  28  tons 
per  24  hours.  The  cost  of  the  plant,  including  cost  of  buildings, 
transformers,  and  furnace,  is  estimated  at  $20,000,  which  is  a  liberal 
estimate,  as  the  furnace  alone,  including  transformers,  can  be  erected 
for  $10,000.  Reverberatory  furnace  smelting  costs  are  taken  as 
given  in  the  preceding  table.  The  furnace  is  assumed  to  be  operat- 
ing at  a  smelter  where  only  a  portion  of  the  total  superintendence, 
laboratory,  and  general  costs  would  be  charged  against  it. 

The  cost  per  ton  of  concentrate  with  power  costs  of  0.50,  0.625, 
0.75,  and  1  cent  per  kilowatt-hour  is  estimated  to  be  as  follows: 

Estimated  cost  of  smelting  one  ton  of  '*S6  per  cenV^  native  copper  concentrate  by  the  com- 
bined electric  ana  reverberatory  metkoa. 


Item. 


Bndtliig  in  tbe  electric  fnrnaoe: 
Limestone,  0.10  ton  at  91  per  ton 


Electrodes,  1  pomid,  at  4  cents  per  pound 
Power,  640  kiiowatt4iomi. 


lAbor,  3  men  at  12  each  and  a  boy  at  SI  per  8-hour 
diift 

Soperintendenoe,  chemist,  general  expenses 

Maintenance  and  repairs 

Amortisation  and  aeprociadon  on  92OJ00O  at  5  i>er 
cent  each 

Interest,  on  taO,000  at  6  i>er  cent 


Total. 


Smeitfais  in  the  reverberatory  (iimaoe: 

Revet Ijeratory  refining  ofO.352  ton  of  ''cupola 
btock"a,  at  12.77  per  ton 

Reoeatment  of  0.0&ton  of  slag  from  reverberatory.. 

Cost  of  making  marketable  copper  of  0.345  ton  cop- 
per at  $1.95  per  ton 


Totil. 


Total  eoet  of  smelting  ore  per  ton  of  oonoentrate. 


Cost  i>er  ton  of  concentnto  at  a  power  cost  i>er 
kHowatt-hour  of— 


0.5  cent. 


10.10 

.44 

3.20 

.75 
.20 
.25 

.18 
.41 


5.23 


.97 
.25 

.67 


1.80 


0.025  cent. 


10.10 

.44 

4.00 

.76 
.20 
.25 

.18 
.11 


6.03 


.97 
.25 

.67 


1.89 


0.75  cent. 


10.10 
.44 

4.80 

.76 
.20 
.26 

.18 
.11 


6.83 


Icent. 


10.10 

.44 

6.40 

.75 
.20 
.25 

.18 
.11 


8.43 


.97 
.25 

.67 


1.89 


7.12 


7.92 


8.71 


.97 
.26 

.67 


1.89 


10.32 


a  Cupola  blocks  96  per  cent  copper.    Total  loss  of  copper  1.6  per  cent. 
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According  to  these  figures  the  electric  process  with  power  at  0.6 
cent  per  kilowatt-hour  or  $43.80  per  kilowatt-year  is  $1.52  per  ton 
cheaper,  at  0.625  cent  per  kilowatt-hour  is  $0.72  per  ton. cheaper, 
and  at  0.75  cent  is  $0.07  more  expensive  than  the  reverberatory  pro- 
cess. The  commercial  operation  of  such  a  process  does  not  require 
power  of  the  great  cheapness  necessary  in  iron  smelting  to  compete 
with  existing  processes.  A  rate  of  0.5  cent  per  kilowatt-hour  with  a 
high  load  factor  is  possible  in  many  districts.  The  load  factor  in 
this  case  would  be  above  90  per  cent  and  the  power  factor  not  below 
0.85.  In  practice  the  cost  of  refining  the  "cupola  block"  of  the 
electric  furnace  would  probably  be  considerably  reduced  over  that 
of  the  blast  furnace  because  of  the  higher  percentage  of  copper  in  it. 

Also  by  the  electric  process  there  would  be  only  0.023  tons  of  slag 
per  ton  of  concentrate  to  be  resmelted  instead  of  0.813  tons  as  with 
the  present  process. 

SMELTING  OF  SULPHIDE  COPPER  ORES. 

ORDINARY  COPPER  BliAST-FURNACE   SMELTING. 

Ordinary  copper  blast-furnace  smelting — that  is,  smelting  the  ore 
with  carbonaceous  fuel — differs  widely  from  pyritic  smelting,  which 
consists  in  smelting  the  ore  with  heat  derived  by  the  oxidation  of  the 
sulphur  and  iron  contained  in  the  ore  itself. 

As  stated  by  Peters,*  "The  main  characteristic  of  ordinary  blast- 
furnace smelting  is  the  employment  of  carbonaceous  fuel  mixed  with 
ore  as  the  principle  source  of  heat.''  Such  being  the  case,  the  problem 
that  presents  itself  is  to  determine  whether  it  is  metallurgically  feasi- 
ble to  substitute  electricity  for  carbonaceous  fuel  as  a  source  of  heat 
and  whether  in  so  doing  there  will  be  obtained  as  favorable  results 
chemically  as  it  is  possible  to  obtain  in  ordinary  blast-furnace  smelting. 

PBINCIPAL  FEATUBBS  OF  THE  PBOCESS. 

The  prerequisites  and  distinguishing  features  of  ordinary  copper 
blast-furnace  smelting,  as  stated  by  Peters,*  are  as  follows: 

(a)  The  employment  of  moderately  compressed  air  to  effect  combustion. 

(b)  The  complete,  or  nearly  complete,  continuity  of  the  smelting  process,  due  to  the 
fact  that  the  ore  and  fuel  are  fed  periodically  on  top  of  the  charge  column  at  the  upper 
extremity  of  the  furnace  shaft  and  withdrawn  continuously  (or  periodically)  in  a 
molten  state  from  the  lower  portion  of  the  furnace,  so  that  the  operation  of  blast-fur- 
nace smelting,  as  understood  by  copper  metallurgists,  is  not  only  continuous  but, 
theoretically  speaking,  perpetual. 

(c)  The  actual  contact  of  the  ore  and  fuel,  these  substances  being  charged  into  the 
top  of  the  fiu*nace  in  alternate  layers. 

((f)  The  employment  of  carbonized  or  high-carbon  fuel,  such  as  coke,  anthracite,  or 
charcoal,  to  avoid  the  annoyance  and  danger  arising  from  the  presence  in  the  ore 

a  Peters,  E.  D.,  Principlee  of  copper  smelting,  1907.         b  Peters,  E.  D.,  Op.  cit.,  pp.  109, 187. 
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column  of  the  volatile  hydrocarbons  and  various  products  of  distillation  which  would 
remit  from  the  use  of  wood  or  the  ordinary  coals  containing  volatile  matter. 

In  ordinary  blast-furnace  smelting  the  atmosphere  is  distinctly  reducing,  owing  to 
the  presence  of  large  quantities  of  0  and  GO,  which  have  a  greater  affinity  for  0  than 
have  most  of  the  constituents  of  the  charge.  Under  normal  conditions,  however, 
this  reducing  action  is  not  sufficiently  powerful  to  reduce  the  oxides  of  iron  to  metallic 
iron,  although  it  reduces  Fefiz  and  Fefi^  to  FeO,  providing  there  is  SiO,  present  to 
.  combine  with  this  base  at  the  instant  of  its  formation. 

In  the  true  pyrite  blast  furnace,  however,  where  very  little  coke  is  used,  the  atmos- 
phere may  be  r^arded  as  neutral  until  the  focus  is  reached.  Here  we  first  encounter 
the  0  of  the  blast,  and  the  atmosphere  is  powerfully  oxidizing,  *  *  *  but  as  the  O 
has  a  greater  affinity  for  the  iron  sulphide  than  it  has  for  any  other  important  substance 
that  should  ever  reach  the  focus,  and  as  there  is — or  should  be — always  more  iron 
sulphide  present  than  there  is  O  to  bum  it,  it  f oUows  that  even  the  atmosphere  of  the 
focus  of  the  pyrite  furnace  may  be  regarded  as  neutral  toward  a  certain  proportion  of 
the  iron  sulphide,  as  well  as  toward  various  other  substances  that  may  come  within 

its  influence. 

BEMOVAL  OF  STTUPHUB. 

In  the  smelting  of  copper  ores,  sulphide  ores  in  the  main  have  to 
be  dealt  with  and  the  problem  consists  in  getting  rid  of  the  sulphides 
other  than  copper,  and  of  concentrating  the  latter  into  a  matte  con- 
taining anywhere  from  20  to  60  per  cent  copper.  The  first  step, 
therefore,  is  to  free  the  ore  from  its  sulphur.  Consider  first  how  this 
is  done  in  ordinary  copper  blast-furnace  smelting.  As  pointed  out 
by  Peters,**  owing  to  the  constant  presence  of  a  large  amount  of  glow- 
iog  carbon  in  the  furnace  shaft,  extending  from  the  tuyeres  for  several 
feet  up  the  shaft  of  the  furnace  and  often  to  the  charging  door  itself, 
the  oxygen  of  the  air  blown  through  the  tuyferes  is  consumed  with 
extraordinary  rapidity  and  thoroughness,  and  there  is  consequently 
but  a  poor  chance  for  the  oxidation  of  any  substance  in  the  ore  that 
possesses  less  affinity  for  oxygen  than  carbon  does. 

Therefore,  in  ordinary  blast-furnace  smelting  with  carbonaceous  fuel,  the  sulphides 
of  iron  and  copper,  and  such  small  quantities  of  other  metallic  sulphides  as  may  be 
present,  stand  little  chance  of  obtaining  any  of  the  oxygen  to  combine  with,  to  form 
sulphur  dioxide  and  metal  oxide.  The  atmosphere  is  almost  always  strongly  reducing, 
and  the  sulphides  tend  to  melt  down  with  almost  the  same  results  that  they  would  in 
a  closed  crucible,  with  complete  exclusion  of  air. 

It  will  thus  be  seen  that,  owing  to  the  reducing  atmosphere  which  prevails,  we  can, 
when  smelting  sulphide  ores,  look  for  the  removal  of  but  little  sulphur  in  the  blast 
furnace  beyond  the  portion  that  will  be  driven  off  by  heat  alone  without  the  presence 
of  oxygen. 

Of  the  two  sulphides  in  the  charge  which  have  to  be  taken  into 
consideration  in  this  connection,  namely,  pyrite  (FeSj)  and  chalco- 
pyrite  (Cu^.Fe,S^),  the  former  loses  one-half  of  its  sulphur  content 
by  mere  heating  without  air,  whereas  the  latter,  when  similarly 
heated,  loses  one-third  of  its  sulphur  content  and  one-ninth  of  its 
entire  weight. 

a  Peters,  £.  D.,  Principles  of  copper  smelting,  1007,  p.  109. 
4»8840_Bull,  81—15 4 
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Continuing,  Peters  s.tates: 

It  is  obvious,  then,  that  there  would  be  little  object  in  smelting  unroasted  ores  carry- 
ing a  high  percentage  of  metallic  sulphides  in  a  blast  furnace  running  on  carbonaceous 
fuel. 

From  what  has  been  stated,  it  would  appear  that  electric  heat  could 
be  used  as  well  for  the  melting  down  of  the  ore  as  heat  derived  from 
the  combustion  of  coke. 

However,  such  melting  would  not,  in  either  case,  give  the  concen- 
tration desired.  The  concentration  of  the  copper  and  accompanying 
precious  metals  into  a  matte  must  be  by  the  removal  of  sulphur  and 
the  subsequent  oxidation  of  the  iron. 

The  removal  of  sulphur  in  ordinary  blast-furnace  smelting  is  brought 
about  in  two  wajrs,  namely,  by  heat  alone,  which  drives  off  a  part  of 
the  sulphiu-  as  elemental  sulphur,  and  from  the  reaction  of  oxides 
and  sulphates,  present  in  the  ore  as  such,  on  the  sulphides.'  The 
presence  of  oxides  in  the  charge  may  be  due  to  the  use  of  natural 
oxide  ores,  whereas  if  roasted  ores  are  used,  both  oxides  and  sulphates 
may  be  present.  These  components  react  with  the  sulphides  preseiit, 
a  partial  oxidation  of  the  latter  takes  place,  and  some  of  the  sulphur 
is  removed  as  sulphur  dioxide  (SO3).  It  is  to  be  remembered  that 
the  atmosphere  of  the  ordinary  blast  furnace  is  reducing,  and  there- 
fore in  this  instance  these  reactions  have  to  take  place  in  a  reducing 
atmosphere,  and  for  this  reason  do  not  take  place  as  freely  as  they 
would  in  a  neutral  atmosphere.  In  general  it  may  be  stated  that 
with  no  oxides  present  in  the  charge  practically  no  sulphur  (aside 
from  that  removed  as  elemental  sulphur  by  heat,  as  above  stated) 
would  be  driven  off  except,  as  stated  by  Peters,*  ''the  small  amount 
that  would  be  oxidized  by  the  blast,  in  spite  of  the  generally  reducing 
atmosphere  of  the  furnace."  He  also  states  that,  judging  from  his 
own  experience,  this  *4oss  of  extra  sulphur  in  the  blast  furnace  can 
not  be  pliaced  higher  than  5  per  cent  of  the  sulphur  remaining  in  the 
ore  after  deducting  the  sulphur  which  the  pyrite  and  chalcopyrite 
lose  by  direct  volatilization." 

POSSIBILITY  OF  STTBSTITUTING  THE  BLEOTBIC  FX7BNACE. 

Ordinary  blast-furnace  smelting  of  copper  ores  consists  simply  of 
melting  down  the  ore,  and  the  sulphiu'  removed  is  that  which  is 
removed  when  a  sulphide  is  heated  without  air.  Any  concentration 
that  takes  place  is  due  to  the  reactions  which  take  place  between  the 
oxides  and  sulphates  present,  and  which  would  take  place  better  in 
a  neutral  atmosphere  than  they  do  in  a  blast  furnace,  the  atmosphere 
of  which  is  reducing.  Such  being  the  case,  a  blast  furnace  operating 
in  this  manner  is  only  a  melting-down  furnace,  and  the  same  results 

a  Peters,  E.  D.,  Principles  of  oopper  smelting,  1907,  p.  116. 
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would  be  obtained  by  melting  such  an  ore  in  an  open  crucible.  The 
only  advantage  which  the  blast  furnace  has  over  the  reverberatory 
furnace  in  this  instance  is  that  it  is  more  efficient  as  a  melting  furnace 
than  is  the  reverberatory,  because  it  affords  intimate  contact  between 
the  fuel  of  the  charge  and  the  resultant  gases  and  permits  of  con- 
tinuous smelting.  On  the  other  hand  the  reactions  between  the  ox- 
ides and  sulphates  do  not  take  place  as  readily  as  they  would  in  the 
comparatively  neutral  atmosphere  of  the  reverberatory  furnace,  or 
in  the  still  more  neutral  atmosphere  of  the  electric  furnace.  So  far, 
then,  aside  Jfrom  the  question  of  costs,'  there  is  apparently  no  reason 
why  the  electric  furnace  could  not  be  substituted  for  the  ordinary 
blast  furnace  in  smelting  the  class  of  ores  above  mentioned. 

LOSSES   OF  METALS. 

According  to  Peters,*  the  losses  which  occur  in  ordinary  blast- 
furnace work  are  (1)  the  loss  of  dust,  which  contains  valuable  metals, 
every  time  the  ore  is  moved;  (2)  losses  of  dust  in  the  flue  gases,  owing 
to  the  blast;  (3)  volatilization  losses;  and  (4)  losses  in  slag  ''due  to 
particles  of  matte  or  metal  which  have  failed  to  separate  properly 
from  the  slag  and,  to  a  lesser  degree,  from  the  oxidation  of  the  oxides 
of  the  valuable  metals,  especially  lead  and  copper,  that  have  entered 
into  combination  with  the  silica  and  have  thus  become  chemically 
part  of  the  slag." 

The  relative  extent  to  which  these  losses  would  occur  if  an  electric 
furnace  (with  no  blast)  were  used  instead  of  a  blast  furnace  operated 
in  the  manner  previously  described  will  now  be  discussed. 

Loss  of  dust  in  handling  the  ore  would  be  common,  of  coiuse,  both 
to  the  blast  furnace  and  the  electric  furnace. 

Although  there  would  be  more  or  less  fine  dust  carried  away  by  the 
gases  escaping  from  the  electric  furnace,  the  amotmt,  of  course, 
would  not  be  as  great  as  with  the  blast  furnace. 

As  regards  loss  by  volatilization,  an  electric  furnace,  used  for 
smelting  sulphide  ore,  would  be  operated  as  a  resistance  furnace  (the 
charge  acting  as  the  resistor)  rather  than  as  an  arc  furnace,  and  hence 
the  heat  in  the  vicinity  of  the  electrodes  would  not  be  as  intense  as 
if  an  arc  were  used,  and  probably  not  greatly  in  excess  of  that  which 
is  generated  at  the  tuydres  of  such  a  blast  fm^nace  as  has  been 
considered. 

If  an  electric  blast  furnace  of  the  type  shown  in  figures  5  and  6  be 
used,  the  volatilization  would  take  place  at  the  base  of  the  shaft  of  the 
furnace,  and  hence  the  volatilized  metals  wotdd  have  a  chance  to  be 
deposited  out  on  the  cold  part  of  the  charge  in  the  upper  part  of  the 
stack,  and  as  it  wotdd  not  be  necessary  to  use  a  blast  when  operating 

«  Peten,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  118. 
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FiouiUB  5.— ClevBtkni  of  electric  blast  furnace,    o,  tuyeres; 
6,  electrodes;  e,  crucible. 
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the  electric  furnace  for  the  purpose  under  discussion — the  blast  of  the 
blast  furnace  in  this  particular  instance  is  used  only  for  furnishing 
air  for  burning  the  coke  to  produce  the  heat  necessary  for  the  process — 
the  volatilization  loss  should  not,  and  probably  would  not,  be  as  great 
as  in  the  blast  furnace. 

As  regards  the  losses  in  the  slag  owing  to  particles  of  matte  or 
metal  failing  to  separate  properly  from  the  sli^,  such  losses  would 
occur  in  the  electric  furnace  as  well  as  in  the  blast  furnace,  but  there 
is  no  reason  to  believe  that  they  would  be  any  greater  and  on  the 
other  hand  they  should  not  be  as  large,  because  the  electric  furnace 
could  be  regulated  to  impart  a  sufficiently  high  temperature  to  the 
bath  before  it  leaves  the  furnace  to  insure  its  being  fluid  enough  to 
cause  perfect  separation  of  matte  and  slag  in  the  settler,  which  would 
thus  obviate  this  loss.    As  to  the  d^dation  of  valuable  metals,  this 
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Figure  d.— Plan  of  electric  blast  furnace,    a,  taydres;  b,  electrodes. 

loss  should  be  reduced  to  a  minimum  in  a  furnace  operating  without  a 
blast,  for  the  loss  by  oxidation  is  doubtless  due  to  the  action  of  the 
blast  upon  the  products  of  the  furnace  as  they  pass  the  region  of  the 
tuyeres. 

OATA  ON  EXPERIMENTAL  SMELTING  OF  RAW  SULPHIDE, 

OXIDIZED,  AND  CARBONATE  ORES. 

Having  thus  made  a  brief  comparative  study  of  the  possibility  of 
usiiig  an  electric  furnace  for  the  smelting  of  mixed  sulphide  and 
oxide  ores — it' being  xmderstood,  of  course,  that  the  object  of  this 
paper  is  not  to  prove  that  the  electric  furnace  shoidd  replace  the 
combustion  furnace,  but  to  determine,  if  possible,  whether  it  can  be 
substituted  for  the  combustion  furnace  in  those  localities  which  are 
not  favorable  to  the  latter — it  may  be  well  at  this  point  to  consider 
some  of  the  experimental  work  which  has  been  done  along  the  lines 
above  indicated. 
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EXPEBIHENT  BY  VATTISB. 

One  of  the  best  known  experiments  on  the  smeltmg  of  copper  ores 
in  the  electric  furnace  was  made  on  April  23,  1903,  by  Vattier®  at 
the  works  of  the  Compagnie  Electrothermique  Keller  et  Lelenx,  at 
Livet,  France.  The  test  was  made  by  Vattier  for  the  Chilean  Gov- 
ernment, which  wished  to  procure  such  data  as  it  wotdd  be  possible 
to  obtain  in  making  experiments  on  a  commercial  scale.  The  test 
was  made  before  a  commission  which  was  composed  of  some  of  the 
best  known  metalluigists  of  England  and  continental  Europe. 

As  stated  by  Vattier,  the  main  object  of  the  experiment  was  to 
determine,  if  possible,  whether  in  smelting  copper  electric  heat  could 
be  substituted  either  wholly  or  in  part  for  the  heat  derived  from  coal. 
This  is  especially  important  to  Chile,  for  it  has  plenty  of  valuable 
copper  ores,  so  it  is.  stated,  and  an  abundance  of  water  power,  but 
coal  is  costly. 

METHOD  AND  RESULTS   OF  TEST. 

The  experiment  was  conducted  with  two  kinds  of  ore,  namely — 

(1)  An  ore  carrying  approximately  7  per  cent  of  copper  which  was 
present  principally  as  copper  pyrites,  8  to  9  per  cent  of  sulphur,  the 
gangue  consisting  mainly  of  micaceous  copper  oxide,  together  with 
some  silicates  and  a  little  carbonate  of  lime;  and 

(2)  A  low-grade  copper  ore  from  the  mining  regions  in  the  vicinity 
of  Santiago,  Chile,  mixed  with  a  small  proportion  of  manganese  and 
lime. 

In  the  experiment  a  shaft  furnace  was  used  which  had  a  smelting 
chamber  70  inches  long,  35  inches  wide,  and  35  inches  high.  The 
melted  material  was  run  into  a  f  orehearth  47  inches  long  and  23  inches 
high.  Two  carbon  electrodes,  llf  inches  square  by  66  inches  long, 
were  used  in  the  smelting  chamber,  and  two  electrodes  9}  inches 
square  by  39  inches  long  were  put  in  the  f  orehearth  to  reheat  the  bath 
for  tapping. 

The  furnace  used,  so  Vattier  states,  ''Had  a  capacity  of  25  tons  of 
ore  per  24  hours.  The  current  used  for  the  experiments  was  4,750 
amperes,  119  volts,  cosine  <f}  equals  0.9,  and  the  energy  corresponded 
to  500  kilowatts,  or  680  horsepower." 

The  charge  used  was  a  mixture  of  the  two  ores.  About  8,000  kilo- 
grams of  ore  was  smelted  in  eight  hours.  The  composition  of  the 
charge  was  as  follows: 

a  Haaael,  E.,  Report  of  the  oommission  appointed  to  investigate  the  different  electrothermic  processes 
for  the  smelting  of  Iron  ores  and  the  making  of  steel  In  operation  in  Europe,  Mines  Branch,  Department 
of  the  Interior,  Canada,  1909,  pp.  215-223. 
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Compontion  of  charge. 

Percent. 

Otfbonic  add 4. 310 

Silica 23.700 

Al^iminft. 4.  0 

Ume 7.300 

Magnesia 0. 33 

Sulphur 4.125 

Iron 28.500 

Manganese 7.640 

PhosphoniB 0. 046 

Cbpper 5.100 

Anenic ^  -  -  Trace. 

Matte  and  slag  of  the  following  composition  were  obtained: 

AnaJytU  ofmatie  and  slag. 


Constituent. 

Compo- 
sition of 
matte. 

Compo- 
sition of 
slag. 

fliii^ 

PereL 

0.80 

.50 

Petet.  ' 
27.20 

^*1"*I1HB 

6.20 

Ltale 

9.00 

Iron. 

34.  ao 

1.40 
22.06 
.006 
47.00 

32.60 

MannoeM 

8.23 

Sn*phwr  .                   „ .       - 

.67 

Pfaospiianis.                   ,  ... 

.06 

CopDcr * 

.10 

■\J^rjfjnm. ............. j-' ^^.^^, ^  .  .  ^  . 

DISCUSSION   OF  RESULTS. 

Vattier  remarks  that  the  slags  at  both  the  beginning  and  end  of  the 
run  usually  contained  a  slightly  higher  proportion  of  copper.  He 
does  not  say  why  this  was  so,  or  whether  the  copper  present  was  free 
or  combined.  Uncombined  copper  would  probably  be  present  in 
larger  amounts  at  the  beginning  of  the  nm,  because  of  the  viscosity 
of  the  slag,  due  to  lack  of  heat,  preventing  proper  settling;  also  a 
slightly  hi^er  proportion  of  copper  at  the  end  of  the  run  would  prob- 
ably be  due  to  the  same  cause — that  is,  improper  settling. 

Vattier  also  states  that  the  slag,  beihg  high  in  iron  and  siUca,  could 
be  used  to  manufacture  ferrosilicon,  but,  as  has  been  previously 
pointed  out  in  this  bulletin,  the  results  of  experiments  by  the  Bureau 
of  lifines  indicate  that  such  utilization  of  slag  is  impractical. 

Vattier  also  states  that,  ^^For  good  results  it  is  desirable  to  use  a 
voltage  sufficient  to  cause  the  arc  or  electric  current  *  *  *  to  just 
clear  the  surface  of  the  bath,  in  order  to  avoid  as  much  as  possible 
their  (the  electrodes)  coming  in  contact  with  the  bath.'' 

His  reason  for  wishing  to  keep  the  electrodes  out  of  contact  with  the 
bath  is  explained  by  his  statement  that  ^  ^Carbon  at  such  high  tempera- 
ture has  a  tendency  to  reduce  the  iron  oxide  into  metallic  iron,  which 
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gives  rise  to  the  following  inconveniences:  (1)  A  more  rapid  wear  of 
electrodes;  (2)  loss  of  electrical  energy;  and  (3)  decrease  of  the  copper 
contents  of  the  matte/' 

It  is  of  com«e  true  that,  if  the  electrodes  extend  down  into  the 
charge,  as  they  do  when  the  furnace  is  operated  as  a  resistance  furnace 
(the  charge  acting  as  the  resistor)  instead  of  an  arc  furnace,  any  iron 
oxide  coming  in  contact  with  the  carbon  of  the  electrodes  will  be  re- 
duced by  the  carbon  and  thus  cause  a  wearing  away  of  the  electrodes. 
On  the  other  hand,  in  tests  which  have  been  conducted  by  members 
of  the  bureau  and  others,  it  has  been  found  that  more  satisfactory 
results  are  obtained  if  the  charge  be  smelted  by  resistance  heating, 
using  the  charge  as  the  resistor,  than  if  it  be  smelted  by  heat  from  an 
arc.  With  the  arc  a  very  high  local  temperature  is  obtained  and 
hence  volatilization  losses  are  higher  than  if  resistance  heating,  which 
heats  the  charge  more  uniformly,  is  employed.  The  loss  of  electrical 
energy  and  the  production  of  a  low-grade  matte  resulting  from  the 
reduction  of  metallic  iron  has  been  previously  discussed  imder  experi- 
ments by  the  writers. 

EXPEBIBCENTS  BY  SCHILOWSEl. 


SMELTING  MIXTURES  OF  RAW  AND  ROASTED  ORE, 

More  recently  some  experiments  were 'conducted  by  J,  Schilowski  ** 
for  the  purpose  of  determining  whether  it  would  be  possible  to 
obtain  in  one  operation  a  reaction  between  raw  ore  and  roasted  ore 
that  would  give  a  usable  copper  and  a  clean  slag,  Schilowski  states 
that  in  these  experiments  he  used  a  furnace  which  ''had  an  upper 
carbon  electrode  and  a  water-cooled  lower  electrode,"  but  he  does 
not  give  much  information  in  regard  to  the  furnace  beyond  this.  It 
was  probably  a  small  furnace,  holding,  perhaps,  25  pounds  of  ore,  of 
the  Siemens  vertical  type,  shown  in  figures  1  and  2. 

Analyses  of  the  raw  and  roasted  ore  used  in  the  tests  are  as  follows : 

ATialyses  of  raw  and  roasted  ore  used  in  experiment. 


Raw  ore. 


SiOt.. 
Cu... 
Fo... 
AhOi. 
As... 
Mn... 

8 

Bi... 
Co... 
Au... 
Ag... 


Percent. 

20.30 

10.10 

27.10 

9.45 

9.25 

.48 

15.09 


I 


Trace. 


Roasted 
ore. 


Percent. 

22.5 

10.6 

34.6 

11.5 

Trace. 

.6 

L5 


a  Schilowski,  J.,  La  fusion  electriques  des  minerais  de  cuivre  et  des  produits  intermedJar^s  dc  fonderies 
de  cuivre:  Revue  Met.,  vol.  9, 1912,  p.  205. 
b  0.116  ounces  per  ton. 
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Thtf  amount  of  copper  unaccounted  for  was  very  large  in  most  of 
the  tests,  especially  when  only  roasted  ore  was  used.  The  unex- 
plained losses  are  probably  due  to  volatilization  and  mechanical 
losses,  especially  the  latter,  for  the  gases  arising  from  a  small  electric 
furnace  carry  with  them  a  large  amount  of  fine  particles. 

A  second  group  of  experiments  was  made  to  determine  what 
proportions  of  raw  ore  should  be  used  in  the  charge  in  order  to  obtain 
the  largest  percentage  of  copper  in  the  matte  with  the  minimum 
difficulty  of  fusion. 

Schilowski  states  that  in  the  experiments  he  used  *'two  electrodes 
of  carbon  projecting  into  the  slag."  Prom  this  the  authors  judge 
that  the  fusion  was  done  much  the  same  as  it  would  be  if  a  charge 
were  fused  in  a  single-phase  H6roult  steel  furnace. 

DISCUSSION  OF  KESULTS. 

As  a  result  of  his  experiments,  Schilowski  states  that  the  propor- 
tion of  raw  ore  that  should  be  used  in  making  up  a  charge  depends 
on  the  consumption  of  energy  and  the  loss  of  copper  in  the  slag. 

He  obtained  these  conditions  with  a  charge  containing  60  to  70 
per  cent  of  roasted  ore.  With  such  a  charge,  the  loss  of  copper  in 
the  slag  was  5  per  cent  of  the  total  copper  present  in  the  charge,  and 
the  weight  of  the  copper  in  the  speiss  was  one-ninth  of  the  weight  of 
the  copper  in  the  matte. 

He  also  found  that  the  maximum  energy  consumption  was  when 
the  charge  was'  made  up  entirely  of  crude  ore,  and  the  minimum 
energy  consumption  was  when  the  charge  contained  64  per  cent  of 
roasted  ore.  He  states  that  in  treating  a  mixture  of  ores  of  this 
nature  that  17,400  kilowatt-hours  would  be  required  per  ton  of 
copper  produced. 

He  also  states  that  the  high  losses  of  copper  were  due  to  the  violence 
of  the  furnace  reaction.  The  writers  have  not  noticed  that  the 
reactions  were  especially  violent  in  any  of  the  experiments  of  this 
nature  which  they  have  performed.  It  is  true  that  after  the  charge 
becomes  melted  it  bubbles  or  boils  considerably,  due  to  the  gases 
which  are  being  given  off,  and  it  is  also  true  that,  in  order  to  get  a 
satisfactory  separation  of  matte  and  slag,  the  fused  product  must  be 
kept  at  a  melting  temperature  for  some  little  time,  just  as  is  done 
in  a  settler  in  commercial  smelting.  That  this  is  not  always  done  in 
experimental  work  may  account  for  some  of  the  high  losses  of  copper 
in  the  slag. 

EECOVERY  OF  ARSENIC  FROM  RAW  ORE. 

Another  experiment  was  made  by  Schilowski  in  order  to  determine 
whether  a  recovery  of  arsenic  could  be  made  by  fusing  the  raw  ore. 
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METHOD  or    TEST. 

The  fusion  was  made  in  a  carbon  crucible  with  a  bottom  carbon 
electrode.  A  carbon  resistance  of  carbon  block  was  placed  in  the 
crucible  between  the  electrodes.  A  covering  was  placed  around  the 
crucible  in  order  to  prevent  loss  of  heat  by  radiation.  The  gases  were 
led  oflF  through  a  tube  and  then  through  several  condensing  chambers. 

RESULTS  OF  TEHT. 

No  speiss  was  obtained  in  this  experiment.  The  matte  contained 
21.37  per  cent  of  copper,  50.27  per  cent  of  iron,  and  28.39  per  cent  of 
sulphur.  The  slag  contained  only  0.15  per  cent  copper.  In  treating  a 
quantity  of  ore  corresponding  to  a  ton  of  copper  27,500  kilowatt- 
hours  were  used  per  ton  of  copper  produced. 

An  analysis  of  the  fine  material  obtained  as  a  result  of  the  volatilizsr 
tion  was  as  follows: 

Composition  of  volatilized  material.  p„  q^^ 

Ab 60 

Fe 2 

Cu • 1 

S* 7 

Miscellaneous 16 

Schilowski  states  that  in  spite  of  the  imperfections  of  the  condensing 
apparatus,  65  per  cent  of  the  arsenic  was  recovered,  and  that  it  would 
be  feasible  to  attempt  the  recovery  of  arsenic  from  the  raw  ore  in  this 
manner.  ^ 

BXPEBIHENTS  BY  WOLKOFF. 

WolkoflF  *  made  some  experiments  on  the  smelting  of  a  copper 
sulphide  ore,  containing  8.20  per  cent  of  copper,  with  an  acid  gangue. 
Several  experimental  runs  were  made  with  this  ore.  The  results  from 
one  or  two  of  them  will  be  briefly  discussed. 

SMELTING  ORE  AND  IBON  OXIDE  TO  OBTAIN  MATTE. 

In  one  experiment,  by  smelting  12  kilograms  (25.5  pounds)  of 
ore,  with  6.2  per  cent  of  hammer  scale  (iron  oxide)  added  to  furnish 
iron  oxide  for  the  siliceous  gangue,  he  obtained  a  thoroughly  fused 
product,  a  matte  containing  practically  the  whole  of  the  copper,  and 
a  slag  retaining  only  0.15  per  cent  of  the  copper.  He  also  states  that 
the  volatilization  losses  were  very  small. 

SMELTING   OBE   AND  MATTE   TO   OBTAIN   METALLIC    CX>PPEB. 

In  another  experiment  he  smelted  10  kilograms  (22  pounds)  of  ore 
with  1.25  kilograms  (2.74  pounds)  of  roasted  matte,  containing  75  per 
centCuO,  8  percent  CUgS,  and  15  percent  FcjOs,  the  object  being  to  de- 
termine the  extent  to  which  the  reaction  CujS  +  2  CuO  =  2  Cu,  +  SO,, 
resulting  in  the  production  of  metallic  copper,  would  take  place.     On 

a  Wolkofl,  W.,  Electric  smelting  of  copper  sulphide  ore:  Metalloigie,  vol.  7, 1910,  p.  99. 
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smeltiDg  this  charge  with  a  current  of  400  amperes  at  75  volts  for 
half  an  hour,  Wolkoff  obtained  1.78  kilograms  (3.91  pounds)  of  metal 
which  was  92  per  cent  copper,  3  per  cent  iron,  and  1  per  cent  sulphur. 
He  also  obtained  10.9  kilograms  (2.39  pounds)  of  slag  with  a  copper 
content  of  0.10  per  cent.  In  this  experiment  96  per  cent  of  the  copper 
was  extracted;  the  slag  contained  0.6  percent  of  the  total  quantity 
of  copper;  therefore,  as  stated  by  Wolkoff,  the  copper  balance  is  as 

^oUoWB:  Kflogfiuns 

of  copper. 

1.78  kilograms  of  crude  copper  (92  per  cent  copper) . .' 1. 638 

10.9  kUogramfl  of  slag  with  0.1  per  cent  copper 0.  Ill 

Loflses .• 0.057 

Total  copper  in  chaige 1. 706 

BZFEBIMENTS  BY  STBFHAN. 

At  the  first  general  meeting  of  the  recently  formed  society  of  Ger- 
man Metallurgical  Enginea^,  M.  Stephan,  superintendent  of  the 
Girod  electric  steel  works,  at  Ugine,  France,  gave  an  account  of  some 
experiments  made  by  him  on  the  electric  smelting  of  nonferrous  ores, 
one  of  which  was  a  copper  ore.  Th6  following  is  an  abstract  of 
Stephan's  paper:** 

SMELTINO  NONFEBBOUS  ORE  IN  THE  ELEOTBIO  FUBNACE. 

The  ore  came  from  the  Belgian  Congo,  being  mined  by  a  Belgian-English  concern. 
In  five  different  analyses  given  the  GuO  varies  from  21.01  to  6.73  per  cent;  Si02  from 
28.48  to  78.55  per  cent;  Al^,  from  4  to  13  per  cent;  FesOjfrom  4  to  16  per  cent;  and, 
besides  smaller  amounts  of  other  impurities,  2  to  7  per  cent  Ck)0,  and  no  nickel. 

The  moisture  in  the  ore  varied  from  7  to  32  per  cent.  It  was  not  removed,  in  order 
to  meet  the  conditions  of  practical  oi>eration  and  to  cany  the  experiments  out  under 
most  unfavorable  conditions. 

Charcoal,  coke,  and  anthracite  were  used  successfully  as  reducing  agents.  Char- 
coal would  probably  be  the  cheapest  in  this  particular  instance. 

Electric  furnaces  similar  to  the  Girod  ferro-alloy  furnace  were  used,  and  the  dimen- 
sions changed  in  several  runs  within  wide  limits  in  order  to  secure  enough  data  for 
the  construction  of  a  large  furnace  for  the  same  work.  Electrodes  were  suspended 
from  the  top  and  inserted  in  the  bottom,  also  in  the  sides  for  heating  by  radiation, 
azui  a  system  was  adopted  of  heating  with  a  smothered  arc,  mainly  by  the  resistance 
of  a  thick  layer  of  slag  over  the  conducting  metallic  charge.  The  temperatures  were 
measured  with  Le  Chatelier  and  F^ry  pyrometers. 

A  slag  of  the  composition  51.9  per  cent  Si02,  11.31  per  cent  AI2O3,  16.83  per  cent 
CaO,  13.71  per  cent  MgO,  3.55  per  cent  FejO,,  0.94  j>eT  cent  MnO,  0.46  per  cent  CuO, 
and  0.87  GoO  begins  to  melt  at  1,250^  C.  and  is  liquid  enough  at  1,400^  C.  to  allow  the 
little  copper  balls  to  settle  completely.  At  1,550^  G.  the  slag  is  liquid  enough  to 
flow  freely;  1,920^  0.  were  necessary  to  render  the  slag  liquid  when  the  highly  acid 
chaige  was  smelted  without  any  fluxes. 

The  pig  copper  (Schwarzkupfer)  produced  in  six  different  runs  analyzed  from  65 
to  95  per  cent  copper,  from  1  to  21  per  cent  iron,  and  from  1  to  11  per  cent  cobalt. 
The  lower  the  smelting  temperature  the  higher  will  be  the  purity  of  the  product. 

The  lower  the  temperature  the  smaUer  will  be  the  chance  for  reducing  any  of  its 
impuritiee,  but  at  the  same  time  more  copper  will  also  be  retained  in  the  slag,  so 
that  the  output  is  decreased. 

«  Stepban,  IL  Einlges  fiber  die  Eneugang  von  Metallen  im  elektriachen  Ofen:  Metall  ond  Ers,  vol.  1, 
ItU,  p.  U;  abftraeted  In  Met  and  Cbem.  Bng.,  vol.  11, 1913,  p.  22. 
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GONGLUSIONS  OF  BTEPHAN. 

Stephan's  conclusions  as  to  the  results  of  the  experiments  were  as 
follows: 

It  will  be  a  matter  of  commercial  calculation,  according  to  the  composition  of 
the  ore  and  other  special  conditions,  whether  a  high  quality  product  or  a  maximum 
output  will  be  desirable. 

A  continuous  run  for  several  days  with  the  tome  ore,  aiming  at  slags  of  about  the 
above-mentioned  composition,  required  1,000  to  1,200  kilowatt-hours  per  ton  (2,205 
pounds)  of  ore.  These  figures  are  high  as  a  result  of  the  amount  of  heat  required 
to  keep  the  very  viscous  ^nd  abnormal  slags  in  liquid  condition. 

With  an  easily  fluxible  ore  the  power  consumption  was  only  500  kilowatt-hoiurs 
per  ton. 

The  electrode  consumption  averaged  8  kilograms,  or  17.6  pounds  per  ton  of  ore. 
It  (the  electrode)  was  operated  with  4  amperes  per  square  centimeter  (25.8  amperes 
per  square  inch). 

Coal  for  reduction  was  used  at  the  rate  of  25  per  cent  of  the  copper  in  the  charge. 

The  best  lining  to  withstand  the  severe  conditions  of  the  furnace  was  tamped  from 
fire  clay  with  80  per  cent  SiOj  and  15  per  cent  Al^Oj. 

^BXPERIMBNTAIj  SMEIiTINO  of  SUIiPHIDE  OBES  IN  THE 

EliECTRIC  FURNACE. 

A  series  of  experiments  on  the  smelting  of  sulphide  ores  in  the 
electric  furnace  was  recently  conducted  at  the  Bureau  of  Mines  lab- 
oratory by  the  writers.  The  objects  in  view  were:  (1)  To  determine 
if  there  are  any  conditions  arising  which  make  electric  smelting  with- 
out air  anything  but  a  simple  melting  operation;  (2)  to  note  the  per- 
centage of  concentration  and  the  sulphur  removal;  (3)  to  study  the 
possibihty  of  condensation  of  the  elemental  sulphur  as  such;  (4)  to  get 
general  figures  on  power  consumption  with  varying  charges;  (5)  to 
determine  losses  of  gold,  silver,  and  copper,  and  (d)  to  study  the  use 
of  a  low-grade  copper  matte  as  a  collecting  agent  for  gold  and  silver. 

OBBS  TBBATED. 

The  ores  used  in  the  experiments  were  a  low-grade  sulphide  copper 
ore  high  in  sulphur,  a  gold  and  silver  bearing  sihceous  ore,  and  some 
roasted  ore;  the  analyses  of  the  ores  are  given  below.  Limestone 
containing  63.2  per  cent  CaO  and  5.7  per  cent  MgO  was  used  to  flux 
the  ore. 

Analyses  of  ores  used  in  electric  smelting  of  sulphides. 


SiOx.. 
Fo.... 
S 

AlsO,. 
CaO.. 
MgO.. 

P 

As.... 
Cu.... 


Au. 
Ag. 


CoDstituent. 


Raw  py- 
ritic  ore. 


Percent. 

2.50 

44.07 

4S.20 

.24 

.08 

.73 

.02 

.20 

1.30 

Ounce 

per  ton. 

0.01 

.14 


Nodule. 


Percent. 

4.00 

65.60 


1.76 
.45 
.46 


.07 
Ounce 
per  ton. 
0.03 

.05 


Siliceous 
ore. 


Percent, 

74.53 

10.71 

8.36 

.40 


.26 


Ounces 
per  ion. 
1.28 
3.20 
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METHOD  USED  AND  BESXTLTS  OF  TESTS. 

The  ores  were  smelted  in  the  electric  furnace  that  was  used  in 
smeltmg  the  native  copper  concentrates.  The  furnace  is  described 
on  pages  17  to  21.  The  top  was  roofed  and  kept  closed  tightly  to 
prevent  escape  of  sulphur  and  admission  of  air.  A  condenser,  which 
consisted  simply  of  three  rectangular  horizontal  chambers  with 
several  baffles  in  them,  was  attached  to  the  furnace  to  condense  the 
sulphur  and  catch  any  escaping  dust.  Twenty  experiments  were 
made  in  all.    The  results  of  five  are  given  in  Table  3. 

Table  3. — RenUts  of  smelting  copper  sulphide  ores  in  the  electric  furnace^  experiments 

lto5. 


Cham. 

BMW  pyritic  ore,  pounds 

Nodtue,  pounds 

Silicioos  ore,  pounds 

Limestone,  pounds. 

Matte  prodooed: 

Copper,  per  cent 

Inn.  per  cent 

SulpQur,  per  cent 

Gora,  ounces  per  ton 

Silver,  ounces  per  ton 

SbcprodiKed: 

Copper,  per  cent 

filOi,  per  cent 

FeO,  per  cent 

AJiOi,  per  cent 

CaO.  per  cent 

HgO,  per  cent 

S,  per  cent 

Gold,  ounce  i>er  ton 

Silver,  ounce  per  ton 

Leogth  of  run,  minutes 

Mean  volts  on  the  furnace 

Mean  amperes  on  the  furnace 

Mean  kilowatts  on  the  furnace 

Mean  power  fiictor  of  circuit 

Kilowattrliours  (by  meter) 

Eleccrode  consumption  per  short  ton  of  charge, 

pounds 

weight  of  matte  tapped,  pounds 

Weieht  of  sbg  tapped,  pounds 

Sniiwur  Tolatilixea,  per  cent 

Concentration  ratio 

Loss  ofoopper  in  slag,  per  cent 

Copper  unaccounted  nor,  per  cent 

TotAl  leoovery  of  copper,  per  cent 

Lo«  of  gold  in  slag,  per  cent 

Gold  unaccountecT for,  per  cent 

Total  reoovo-y  of  gold,  per  cent 

Loss  of  silver  in  s&g.  per  cent 

Silver  imaocounted  for ,  per  cent 

Total  recovery  of  silver,  per  cent 

Total  value  of  copper,  silver,  and  gold  per  ton  of 

charge^c  dollars 

Value  of  copper,  silver,  and  gold  recovered  per  ton  of 

charge,  douars 

Ib^Al  ^alne  of  copper,  silver,  and  gold  recovered,  per 

cent 

ELi  lowatt-houis  per  short  ton  of  charge 

KiJowmtt-years  per  ton  of  charge 


12.10 
0.00 
3.10 


1.03 

63.00 

24.87 

^28 

.68 

.05 

47.88 

40.30 

0.24 

1.33 

.10 

3.84 

.02 

.16 

35 

53 

656 

31 

.80 

18.00 

20.2 
a  13. 45 
4.74 

65.0 
1.57 
1.21 
8.48 

00.31 
2.16 

11.75 

86.00 
6.28 

15.40 

78.32 

4.06 

4.20 

86.7 
1,435 
.164 


8.80 

13.20 

5.76 

2.73 

1.22 

64.18 

22.38 

.72 

.06 

.05 

35.25 

41.30 

4.40 

10.00 

1.64 

3.66 

.03 

.32 

26 

51 

635 

32 

.08 

13.5 

10.8 
10.50 
10.00 
63.2 
2.84 
4.26 


05.74 
4.18 


05.82 
17.20 
32.00 
60.10 

6.76 

6.34 

04.0 
800 
.101 


3 


7.03 

11.90 

8.86 

3.01 

1.33 

64.18 

25.47 

.80 

2.00 

.24 

41.75 

30.05 

5.00 

10.21 

.10 

3.21 

.08 

.17 

27 

56 

020 

51 

.08 

25.5 

18.6 
7.00 
16.00 
57.0 
4.16 

boo.  30 
11.40 
10.5 
78.1 
0.40 
12.30 
78.30 

8.05 

7.21 

80.8 
1,610 
.184 


6.18 
10.22 
10.75 

3.02 

1.05 

56.21 

20.28 

1.60 

4.00 

.13 

53.00 

25.00 

4.01 

10.37 

.14 

2.23 

.04 

.29 

20 

70 

702 

54 

.07 

17.0 

18.6 
8.42 
17.84 
65.1 
3.60 

MOO.  00 
5.07 
0 
04.03 


04.50 

11.14 

10.62 

05.8 
1,064 
.13 


5,28 

7.81 

12.50 

3.03 

1.00 

62.40 

24.03 

2.33 

3.60 

.29 

53.05 

26.20 

3.57 

10.37 

.11 

2.36 

.08 

.34 

18 

80 

726 

56 

.06 

15.0 

18.6 
0.60 
10.70 
54.6 
3.85 

[^ 

MOO.  00 

^] 

05.2 
16.20 
8.37 
75.10 

12.00 

12.17 

04.2 
1,045 
.12 


Average. 


1.12 


15 


.05 
.25 


62 
745 

46 
.05 
17.8 

17.3 


61.7 
3.2 
2.73 


05.3 
5.7 


90.0 
12.2 
17.2 
75.2 


00.3 
1,200 
.174 


•  From  previous  run. 

6  In  this  and  subsequent  eiLperlments  the  copper  content  of  both  matte  and  slag  is  high,  probably 
ecame  of  a  concentration  of  copper  in  the  furnace  from  the  numerous  experiments  made  previously, 
e  Coi»per  at  15  oeats  per  pound,  silver  at  50  cents  per  ounce,  gold  at  120  per  ounce. 
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DISOtrSSION  OF  BESTTIiTS. 

In  these  experimebts  the  furnace  was  chai^d  and,  when  fusion 
was  completed,  tapped  as  cleanly  as  possible.  Hanging  of  the 
charge  and  accumulatioA  of  material  in  the  furnace  are  responsible 
for  some  results  not  being  uniform.  An  attempt  was  made  to  make 
the  results  as  quantitative  as  possible,  but  with  a  small  furnace  the 
losses  affect  the  final  calculation  much  more  than  with  a  furnace  of 
commercial  capacity. 

SMELTING  CONDITIONS,  SULFHUB  VOLATILIZATION,  AND  RATIO  OF 

CONCENTBATION. 

If  the  electric  furnace  acts  simply  as  a  melting  agent  in  the  smelt- 
ing of  sulphide  ores,  the  fact  will  be  apparent  in  the  amount  of  sulphur 
volatilized  and  the  ratio  of  concentration.  In  simple  melting  of  a 
charge  of  pyrite  one  atom  of  sulphur  would  be  driven  off  from  the 
FeSj,  or  50  per  cent  of  the  sulphur  in  the  charge  would  be  volatilized. 
To  determine  the  extent  to  which  this  reaction  could  be  carried  in 
the  electric  furnace,  the  crucible  was  roofed  and  was  kept  closed,  as 
far  as  possible,  in  order  to  prevent  oxidation.  In  the  five  experi- 
ments given  in  Table  3  an  average  of  61.1  per  cent  of  the  sulphur  in 
the  chai^  was  volatilized,  showing  that  a  little  more  than  one  atom 
of  sulphur  was  driven  off.  Hence  without  the  introduction  of  an 
oxidizing  agent  the  concentration  ratio  in  the  electric  smelting  of 
copper  sulphide  ores  can  not  be  increased  mucb  by  volatilization  of 
the  sulphur  in  the  charge. 

The  low  ratio  of  concentration  of  3.2,  the  average  for  five  runs, 
verifies  this  statement  and  shows  that  no  concentration  is  to  be 
expected  beyond  a  simple  separation  of  gangue  and  matte  and  the 
loss  of  slightly  more  than  one-half  of  the  sulphur.  As  had  been 
stated,  there  is  no  slagging  of  iron  oxide  beyond  that  of  the  iron 
oxide  present  in  the  ore  as  such,  because  there  is  no  oxygen  present 
to  oxidize  the  iron  sulphide  formed  by  volitilization  of  the  one  atom 
of  sulphur. 

The  smelting  conditions  in  an  electric  furnace  treating  sulphide 
ore  w^ithout  introduction  of  air  are  then  similar  to  those  in  a  rever- 
beratory  furnace  or  a  blast  furnace  in  which  the  heat  is  supplied 
almost  entirely  by  coke.  The  electric  smelting  of  a  copper  sulphide 
ore  under  these  conditions  is  merely  a  melting  operation,  in  which 
reactions  occur  between  the  oxides  and  the  sulphates  of  the  charge 
and  a  removal  by  heat  of  a  Uttle  more  than  one  atom  of  sulphur. 

The  amount  of  sulphur  driven  off  in  the  blast  furnace,  running 
with  a  reducmg  atmosphere,  over  and  above  that  accounted  for  by 
the  loss  of  one  atom  per  molecule  is  not  more  than  5  per  cent;  whereaa 
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in  the  electric  furnace,  as  these  experiments  show,  it  is  about  10 
per  cent. 

The  condensation  of  the  sulphur  driven  off  as  elemental  sulphur 
was  qualitatively  possible,  as  was  shown  by  analysis  of  the  fume  in 
the  condenser,  but  was  not  quantitatively  possible,  because  the 
condenser  was  not  long  enough  for  complete  condensation  of  the 
fume,  and  some  of  it  came  out  of  the  end.  The  uncondensed  fume 
consisted  chiefly  of  elemental  sulphur.  An  average  analysis  of  the 
condensed  material  was  as  foUows:  SiO„  13.96  per  cent;  AljOg, 
3.85  per  cent;  Pe,  9,11  per  cent;  CaO,  2.06  per  cent;  S,  46?6  per 
cent;  Cu,  0.61  per  cent;  gold,  0.48  ounces  per  ton;  and  silver,  4.60 
ounces  per  ton.  A  very  smaU  amount  of  dust  from  the  ore  was 
deposited  at  the  mouth  of  the  condenser. 

COPPER,  GOLD,    AND  SILVER  LOSSES,    AND   LOW-GRADE  MATTE   AS 

A   COLLECTOR. 

The  averiEige  copper  content  of  the  slag  was  0.15  per  cent.  With 
proper  means  for  settling  the  matte  instead  of  tapping  into  a  mold, 
the  low  copper  content  shoidd  be. reduced  to  a  still  lower  figure. 
The  average  percentage  of  copper  recovered  was  95.3  per  cent.  This 
shows  that  there  was  no  material  volatilization  of  copper,  for  the 
condensed  fumes,  which  amoimted  to  only  4.75  per  cent  of  the  total 
ore  charged,  contained  only  0.61  per  cent  copper. 

The  percentage  of  gold  recovered  in  the  matte  was  90  per  cent  of 
the  total  quantity  of  gold  in  the  ore  charged.  The  remaining  10  per 
cent  was  not  all  held  by  the  slag,  as  the  average  loss  of  gold  in  the 
slag  was  5.7  per  cent  of  the  total  amount  of  gold  in  the  ore  charged. 
The  other  4.3  per  cent  was  probably  lost  mechanically  in  handling 
the  charge  and  products.  IThe  slags  contained  0.03  to  0.08  ounce  of 
gold  per  ton.  This  indicates  the  collecting  power  of  a  low-grade 
copper  matte  for  gold,  as  the  copper  content  of  these  mattes  varied 
from  1  to  1.33  per  cent  and  averaged  only  1.12  per  cent.  The 
charge  contained  from  0.31  to  0.83  per  cent  copper,  the  average 
heing  0.46  per  cent. 

These  results  agree  with  the  results  of  experiments  by  Dr.  Car- 
penter" at  Deadwood,  S.  Dak.,  where  for  several  years  the  plant 
was  run  with  mere  traces  of  copper  in  the  matte  and  never  with 
more  than  1  per  cent.  These  slags  carried  from  0.025  to  0.075 
ounce  of  gold  per  ton.  As  at  Deadwood  the  experimental  runs  con- 
ducted by  the  writers  show  a  lower  gold  loss  in  the  slag  with  a 
greater  matte  fall.  The  results  of  these  experiments  seem  to  indicate 
that  a  matte  containing  1  per  cent  copper  will  serve  as  a  good  col- 

a  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  426. 
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lector  of  gold  in  the  electric  furnace  and  that  a  charge  containing  as 
low  as  0.31  per  cent  copper  may  be  successfully  used. 

The  silver  recovery  was  not  as  high  as  that  of  the  gold,  the  total 
percentage  of  silver  recovered  being  75.2  per  cent.  A  large  part  of 
the  silver  loss  must  be  charged  to  the  imaccounted  loss,  which  in- 
cludes mechanical  losses  and  loss  by  volatilization.  The  proportion 
of  silver  in  the  fume  was  higher  than  the  proportion  of  gold,  a  fact 
which,  with  the  greater  xmaccounted  loss,  indicates  that  there  was 
volatilization  of  silver.  The  average  silver  content  of  the  slag  was 
0.26  ounce  per  ton,  which  can  not  be  considered  as  very  high,  so 
that  the  low-grade  matte  seems  to  collect  the  silver  as  well  as  the 
gold. 

In  order  to  ascertain  the  actual  saving  of  values,  copper  is  figured 
at  15  cents  per  pound,  gold  at  $20  per  ounce,  and  silver  at  50  cents 
per  ounce.  On  this  basis  the  average  value  recovery  for  five  experi- 
ments was  90.3  per  cent.  This  would  indicate  that  it  is  feasible  to 
use  a  matte  containing  1  per  cent  copper  in  the  smelting  of  an  ore  for 
recovery  of  gold  and  silver.  With  a  higher  matte  fall  the  recovery 
would  be  greater.  The  loss  in  the  slag  seems  to  depend  mostly  on 
the  proper  separation  of  slag  and  matte.  With  an  acid  slag  this 
separation  is  easy,  but  with  a  basic  slag,  as  the  specific  gravity  of 
the  slag  and  that  of  the  matte  approach  each  other,  separation  be- 
comes more  difficult.  As  was  stated  by  a  recent  writer  on  the 
subject,  "Copper  is  not  essential  in  mattes  which  accompany  acid 
slags,  but  with  basic  slags  it  may  be  necessary.'* 

ELECTRODE   CGNSUMPTIOX. 

The  average  electrode  consumption  was  17.3  pounds  per  ton  of 
charge,  the  lowest  figure  obtained  being  10.5  pounds.  In  practice, 
with  a  large  furnace  the  electrode  consumption  should  be  easily- 
reduced  to  5  pounds  per  ton  of  charge.  The  reduction  of  iron  by  the 
carbon  electrode  has  been  shown,  in  the  experiments  previously  dis- 
cussed, to  be  of  small  account. 

POWER   COXSUMPTION. 

The  power  consumption  was  abnormally  high  in  all  of  the  experi- 
ments given  in  Table  3,  with  the  exception  of  No.  2,  because  the  runs 
were  continued  longer  than  was  necessary,  owing  to  the  difficulty  of 
telling  when  fusion  was  complete  with  the  furnace  top  roofed.  A 
power  consumption  of  890  kilowatt-hours  per  ton  was  attained  several 
times  in  experiments  not  given  in  this  bulletin  and  may  be  taken  as 
being  about  the  best  it  was  possible  to  obtain  with  the  furnace  used. 
The  efficiency  of  this  furnace  had  been  determined  to  be  36.76  per 
cent.  On  the  basis  of  a  properly  designed  furnace  of  several  thousand 
kilowatts  capacity  in  which  an  efficiency  of  70  per  cent  should  be 
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attained,  the  power  consumption  would  be  (890x36.76)4-70  =  480 
kflowatt-hours  per  ton  of  charge  smelted,  or  0.055  kilowatt-years. 
From  the  general  trend  of  20  experiments  on  the  smelting  of  charges 
similar  to  those  given  in  Table  3,  there  seems  to  be  a  slight  increase  in 
power  consumption  with  a  higher  proportion  of  pyrite  in  the  charge. 

CONCLUSIONS. 

1.  The  smelting  of  sulpliide  ores  in  an  electric  furnace  without 
admission  of  air  consists  simply  of  melting  the  charge,  volatilization 
of  about  60  per  cent  of  the  sulphur  as  elemental  sulphur,  and  separa- 
tion of  the  slag  and  matte. 

2.  The  ratio  of  concentration  is  simply  that  possible  from  separa- 
tion of  matte  and  slag,  reaction  of  oxides  with  sulphates  and  sulphides, 
and  the  volatilization  of  about  10  per  cent  more  than  one-half  of  the 
molecular  sulphur,  with  no  formation  of  iron  oxide  to  enter  the  slag, 
because  there  is  no  oxidizing  agent  present  to  oxidize  the  iron  sulphide. 

3.  Qualitatively,  it  is  possible  to  condense  some  of  the  elemental 
sulphur  driven  off. 

4.  The  loss  of  copper  by  volatilization  and  in  the  slag  is  low. 

5.  A  matte  containing  about  1  per  cent  of  copper  from  a  charge 
containing  0.30  per  cent  copper  makes  a  good  collecting  agent  for 
gold  and  silver,  if  a  clean  separation  of  slag  and  matte  is  obtained. 

6.  There  is  very  little  loss  of  gold  by  volatilization  in  the  electric 
furnace,  but  some  silver  is  lost  in  this  way.  In  a  larger  furnace  with 
closer  temperature  regulation  there  would  probably  be  no  loss. 

7.  The  electrode  consumption  in  the  smelting  of  a  sulphide  ore  is 
low  and  in  practice  need  not  exceed  5  pounds  per  ton  of  charge. 

8.  In  a  large  commercial  furnace  the  power  consiunption  for  most 
ores  woidd  be  about  480  kilowatt-hours  per  ton  of  ore,  or  0.055  kilo- 
watt-years. 

COMPARISON  OF  EIiECTRIC  FURNACE  WITH  REVER- 
BERATORT  FURNACE  AND  BIiAST  FURNACE  AS  A 
MELiTINO  AGENT. 

So  far  only  the  use  of  the  electric  furnace  as  a  melting  furnace  in 
the  treatment  of  copper  ores  has  been  considered.  From  what  has 
been  stated,  the  authors  believe  that  they  are  justified  in  making 
the  following  statements  as  to  the  possibiUty  of  using  the  electric 
furnace  for  this  purpose. 

1.  Native  copper,  oxide,  or  sulphide  ores  of  copper  can  be  melted 
just  as  efficiently,  and  perhaps  even  more  efficiently,  in  the  electric 
furnace  than  in  either  the  reverberatory  furnace  or  the  blast  furnace. 

2.  The  reactions  desired  in  reverberatory  smelting,  or  ordinary 
blast-furnace  smelting,  can  be  obtained  just  as  well  and  perhaps 
better  in  the  electric  furnace  than  in  either  of  those  furnaces. 

49884<'— BuU.  81—16 5 
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3.  The  loss  of  electrodes  is  small,  varying  from  5  to  10  pounds 
per  ton  of  ore  smelted,  and  the  presence  of  the  carbon  electrode  does 
not  cause  enough  reduction  of  iron  to  be  troublesome  or  to  increase 
the  consumption  of  electrical  energy  appreciably. 

4.  The  losses  of  copper,  gold,  and  silver  by  volatilization  and  in 
the  slag  would  be  no  greater,  as  is  shown  in  all  the  experimental 
work  cited,  than  they  are  in  reverberatory  smelting  or  ordinary  blast- 
furnace smelting. 

5.  A  matte  containing  as  low  as  1  per  cent  of  copper  can  be  used 
as  a  collecting  agent  for  gold  and  silver  in  the  electric  furnace  as  well 
as  in  the  combustion  furnace. 

6.  The  cost  would  depend  entirely  on  the  nature  of  the  ore  to  be 
treated  and  the  relative  cost  of  coal  or  coke  and  electrical  enei^. 
In  general,  from  the  work  done  in  the  experiments,  it  may  be  said 
that  from  500  to  700  kilowatt-hours  per  ton  of  chaige,  depending 
on  the  nature  of  the  ore,  would  be  required  for  smelting  copper  ore. 

SEMIPYRITIC    SMEJIiTING    OF    SUIiPHIDE    ORES. 
PBINCEPAL  FBATTJBBS  OF  THE  PROCESS. 

In  discussing  t\^  smelting  of  copper  ores  by  ordinary  blast-furnace 
smelting,  the  fact  has  been  noted  that  the  process  consists  essentially 
in  melting  down  the  charge,  and  that  during  the  melting  certain 
reactions  take  place  between  the  constituents  of  the  charge  which 
bring  about  a  concentration  of  the  copper  and  precious  metals  (if 
the  latter  are  present)  into  a  matte  and  the  excess  iron  and  the 
gangue  materials  into  a  slag,  that  in  this  method  of  smelting  the 
heat  necessary  for  carrying  out  the  process  is  obtained  by  the  com- 
bustion of  coke  at  the  tuyeres,  and  that  the  only  purpose  in  using  the 
blast  is  to  supply  the  oxygen  required  for  combustion  of  the  coke. 
In  other  words,  the  oxygen  entering  the  tuyeres  plays  no  part  in  the 
reactions  which  take  place  in  the  furnace  so  far  as  the  constituents 
of  the  charge  other  than  coke  are  concerned. 

Such  being  the  case,  the  essential  feature  of  the  process  is  the 
melting  down  of  the  charge  and,  so  far  as  the  reactions  of  the  process 
are  concerned,  the  charge  could  be  melted  down  just  as  well  in  an 
electric  furnace  as  in  a  blast  furnace.  Those  processes  of  copper 
smelting  in  which  the  air  entering  at  the  tuyferes  not  only  furnishes 
the  oxygen  necessary  for  producing  heat,  but  also  that  required  for 
bringing  about  the  reactions  which  take  place  during  the  melting, 
and  which  result  in  the  production  of  a  matte  and  a  slag,  as  in  ordi- 
nary blast-furnace  smelting,  will  now  be  considered.  In  this  con- 
nection it  is  to  be  remembered  that  no  matter  what  process  is  em- 
ployed in  obtaining  metallic  copper  (as  a  final  product)  from  a  sul- 
phide the  three  essential  features  of  the  process  are:  (1)  The  removal 


SMELTING  OF  SULPHIDE  COPPEB  ORES.  67 

of  sulphur;  (2)  the  oxidation  of  the  iron  with  which  the  sulphur  was 
combined;  and  (3)  the  remoTal  of  this  iron  oxide  by  causing  it  to 
unite  with  silica  to  form  a  slag. 

Hence,  as  stated  by  Peters^,  the  first  step  in  the  smelting  of  a 
sulphide  ore  of  copper  must  be  to  oxidize  it.  In  the  process  that 
will  now  be  considered  the  object  is  to  bring  about  the  required 
d^ree  of  oxidation  and  the  melting  at  practically  the  same  time,  and 
to  obtaiQ  either  the  whole  or  a  part  of  the  heat  required  for  the 
process  from  the  oxidation  of  the  iron  and  sulphur  contained  in  the 
ore.  As  is  well  known,  if  practically  all  the  heat  necessary  for 
melting  down  the  chaige  is  obtained  in  this  manner,  the  process 
becomes  what  is  known  as  pyritic  smelting,  and  if  only  in  part,  as 
semipyritic  smelting.  However,  Peters^  states  that,  so  far  as  he 
is  aware,  in  all  pyrite  furnaces  of  the  world  a  small  amount  of  fuel 
(usually  coke)  is  added  to  the  charge,  and  tins  amount  may  vary 
anywhere  from  0.5  per  cent  of  the  weight  of  the  chaige  up  to  a  pro- 
portion that  might  be  actually  enough  to  melt  the  ore  without  any 
heat  at  all  being  derived  from  the  sulphides. 

8UB8T1TUT10K  OF  ELECTBIC  HEAT  FOB  HEAT  DEBXVED  FBOX 


The  question,  therefore,  that  presents  itself  in  connection  with  the 
smelting  of  copper  sulphide  ores  in  the  electric  furnace  is  to  deter- 
mine whether  electric  heat  may  be  used  to  replace  the  heat  which  is 
derived  from  the  combustion  of  coke  in  pyritic  and  semipyritic 
processes.  In  other  words,  whether  it  would  be  possible,  and  if  so, 
whether  it  would  be  commercially  feasible,  to  carry  out  these  processes 
in  an  electric  furnace  so  constructed  as  to  permit  the  use  of  a  blast, 
thus  obtaining  as  much  heat  as  possible  from  the  oxidation  of  the 
sulphur  and  iron,  any  additional  heat  required  being  suppUed  by 
electric  energy. 

To  b^in  with,  let  it  be  assumed  that  the  construction  of  the  furnace 
is  similar  to  that  of  a  modem  copper  blast  furnace  and  is  practically 
the  same  for  the  upper  part  of  the  furnace,  including  the  tuydres. 
Below  the  tuyftres,  a,  the  furnace  could  be  constructed  as  shown  in 
%ure  5.  The  electrodes,  h,  extend  down  into  the  crucible,  c,  and  are 
arranged  along  the  sides  of  the  crucible  as  shovm  in  figure  6. 

At  this  point  will  be  considered  briefly  the  behavior  in  the  electric 
furnace  of  a  charge  that  would  be  suited  to  semipyritic  smelting; 
that  is,  one  in  which  so  much  coke  would  have  to  be  used  that  ''its 
influence  upon  the  oxidizing  power  of  the  focus  begins  to  be  plainly 
discernible, '^  which,  as  stated  by  Peters,*  is  ''the  division  line  be- 

a  Fetan,  E.  D.,  Prindples  of  copper  smolUng,  1907,  p.  320. 
»  Peten,  E.  D.,loc.  dt.,  p.  214. 
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tween  true  and  partial  pyrite  smelting."  Inasmuch  as  no  coke 
would  be  used  in  a  charge  smelted  in  an  electric  blast  furnace,  the 
point  to  be  determined  is  how  the  charge  would  act  when  such  a 
furnace  was  used,  and  if  the  desired  results  could  be  obtained,  as 
before  stated,  in  a  feasible  and  economical  manner. 

BEHAVIOR  OF  A  CHABOE  SMELTED  WITHOUT  COKE. 

The  object  aimed  at  in  operating  a  copper  blast  furnace  in  semi- 
pyritic  smelting  is  to  supply  enough  blast  to  completely  oxidize  the 
coke,  and  also  to  oxidize  as  much  of  the  iron  sulphide  for  slag-forming 
purposes  as  can  be  spared  from  the  matte.  If,  therefore,  there  were 
no  coke  to  be  oxidized,  only  enough  air  need  be  forced  through  the 
tuyeres  to  effect  the  required  degree  of  oxidation  of  sulphur  and  iron. 

In  general,  it  may  be  assumed,  as  does  Peters,*  that  in  semi- 
pyritic  smelting  the  furnace  is  ''provided  with  but  a  scanty  supply 
of  pyrite ''  and  that  it  produces  a  slag  ''rather  high  in  silica  and 
earths"  and  "consequently  would  require  a  considerable  amount  of 
coke."  In  the  electric  blast  furnace,  as  before  stated,  coke  would 
not  be  used,  the  equivalent  heat  value  of  the  coke  being  obtained 
from  electric  energy  instead.  If,  therefore,  the  electric  blast  furnace 
be  supplied  with  a  charge  that  is  suited  to  semipyritic  smelting, 
what  difference  may  be  expected  in  the  behavior  of  the  charge  as 
compared  to  the  behavior  of  a  similar  charge  when  smelted  in  a 
copper  blast  furnace  with  coke!  In  making  the  comparison  the 
behavior  and  efiFect  of  the  coke  itself  will  first  be  considered. 

EFFECT  OF  COKE  IN  THE  BLAST  FURNACE. 

Peters^  discusses  the  action  of  coke  in  the  blast  furnace  as  follows: 

The  amount  of  coke  present  carries  the  melting  process  high  up  above  the  proper 
zone  of  oxidation,  and  to  regions  where  there  is  yet  no  formation  of  FeO.  Half- 
fused  masses  of  acid  earthy  silicates  are  formed,  and  much,  in  some  cases  all,  of  the 
free  silica  is  combined  with  the  alumina,  lime,  magnesia,  manganese,  alkalis,  and 
already  oxidized  iron,  all  of  which  substances  are  likely  to  be  present  in  the  ore 
mixture.  It  is  not  that  the  aflinity  of  the  silica  is  satisfied  in  forming  these  pre- 
fiminary,  temporary,  refractory  acid  silicates,  but  the  edge  of  its  appetite  is  blunted 
and  the  eventual  formation  of  ferrous  silicate  seems  to  proceed  somewhat  sluggishly, 
even  when  ample  air  is  blown  into  the  furnace. 

As  may  be  imagined  the  main  endeavor  of  the  metallurgist  in  this  type  of  smelting 

is  to  keep  the  proportion  of  coke  to  ore  as  low  as  possible,  not  merely  because  coke 

costs  money,  but  still  more  because  any  excess  of  coke  causes  a  lowering  in  the  grade 

of  matte,  due  to  its  interference  with  the  oxidation  of  the  sulphides.    A  furnace  in 

proper  condition  and  i\inning  on  a  suitable  charge  is  extraordinarily  sensitive  on  this 

point.    The  increase  of  the  coke  from  a  standard  charge  of  60  pounds  per  2,000  pounds 

of  ore  up  to  65  pounds  per  2,000  pounds  of  ore  may  be  followed — as  has  come  under  my 

personal  observation — ^by  a  dropping  of  the  grade  of  matte  from  35  per  cent  copper 

and  a  raising  of  the  silica  contents  of  the  slag  from  41  per  cent.    This  results,  of  course, 
■  —  ■' 

a  Petefs,  E.  D.,  Principles  of  oopp«r  smeltixi«,  1907,  p.  326. 
»  Peters,  B.  D.,  loc.  dt.,  p.  333. 
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horn  the  conBomption  by  the  new  coke  of  a  certain  amount  of  oxygen  which  pie- 
vioady  had  been  employed  in  burning  iron  sulphide.  Under  this  new  condition 
this  iion  sulphide  entered  the  matte  at  the  same  time,  robbing  the  slag  of  just  so 
much  FeO. 

REACTIONS  IN  THE  ELECTRIC  FURNACE. 

If  such  a  charge  be  smelted  in  the  electric  blast  furnace  without 
coke  and  with  just  enough  blast  to  supply  the  oxygen  required  for 
oxidation  of  the  sulphur  and  iron^  there  would  doubtless  be  no 
''half-fused  masses  of  acid,  earthy  silicates,  formed,''  as  stated  by 
Peteis,  and  since,  as  shown  by  him,  the  control  of  the  coke  is  a 
matter  of  great  importance,  due  to  the  '^  extraordinary  sensitive- 
ness of  the  furnace  on  this  point''  and  its  resultant  great  irregulari- 
ties, it  would  seem  that  it  would  be  a  great  advantage  to  do  away, 
if  possible,  with  coke.  If  coke  can  be  dispensed  with  and  the  smelting 
be  done  in  some  such  furnace  as  the  one  shown  in  figure  5,  the  charge 
would  probably  enter  the  tuyftre  zone  of  the  furnace  practically 
unaltered  except,  perhaps,  for  loss  of  elemental  sulphur.  Inasmuch 
as  the  sulphides  are  easily  melted  (950°  C),  it  may  be  assumed  that 
there  would  be  enough  heat  present  from  the  oxidation  of  the  sulphur 
and  iron  and  radiated  from  the  crucible  to  cause  the  iron  sulphide 
to  melt  and  to  become  oxidized  to  FeO  and  then  be  instantly  seized 
by  SiO,  to  form  a  slag.  However  at  a  temperature  of  950°  C.  the 
result  might  be  the  formation  of  a  siUcate  high  in  SiO,,  due  to  the 
fact  that  at  low  temperatures  the  saturation  point  of  siUca  for  iron  is 
bw,  and  this  silicate  would  perhaps  '^freeze,"  so  to  speak,  at  once 
and  descend  into  the  crucible  and  be  gradually  melted  in  the  neigh- 
borhood of  the  electric  current.  In  other  words,  there  would  be 
formed  above  the  tuyftre  zone  the  artificial  boshes  observed  by 
Sticht,  Freeland,  and  others,  and  described  by  Peters,*  thus  con- 
tracting the  smelting  and  slag  forming  area  ''to  a  comparatively 
narrow  opening  running  along  the  middle  of  the  furnace  shaft.'' 
Sticht  states  that  these  boshes  ''are  the  contact  lines  between  the 
active  combustion  zone  and  the  relatively  dead  part  of  the  shaft 
above"  and  that  the  absence  of  coke  (speaking  of  pyrite  furnaces) 
accentuates  th6  sharp  division  line  between  the  active  and  stag- 
nant r^ons  of  the  furnace.  Reasoning  by  analogy,  it  would  seem 
that  this  division  line  would  be  as  pronounced,  if  not  more  so,  in  an 
electric  blast  furnace,  such  as  the  one  imder  discussion,  as  in  the 
pyrite  furnace. 

OOXPABISOK  OF  ELBCTRIC  BLAST  FX7BNACB  WITH  THE  COPPER 
BI.A8T  FUBNACE  FOB  SEXIPYBITIC  SMELTING. 

METALLUBGIOAL  CONSIDERATIONS. 

To  recapitulate,  there  does  not  seem  to  be  any  metallurgical  reason 
why  the  chief  objects  of  the  pyrite  smelter  can  not  be  carried  out  in 

•  Petefs,  E.  D.,  Principles  of  copper  smelting,  1907,  pp.  334,  235. 
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an  electric  copper  blast  furnace  as  well  as  in  a  coke  copper  blast 
furnace;  namely,  to  melt  the  great  mass  of  SiO,  and  inert  earths,  and 
to  oxidize  enough  of  the  sulphides  in  the  charge  to  insure  a  suitable 
mattC;  incidentally  obtaining  the  heat  evolyed  by  the  oxidation. 
On  the  other  hand  it  would  seem  that  the  difficulties  ordinarily  en- 
countered in  operating  a  pyrite  furnace  might  be  avoided  when  using 
an  electric  blast  furnace,  that  is,  the  difficulties  which  arise  when  too 
much  or  too  little  coke  is  added  to  the  charge.  Moreover,  electric 
heating  not  only  permits  '* introducing  heat  into  the  furnace  with- 
out at  the  same  time  robbing  the  combustion  zone  of  oxygen" — in 
regard  to  which  Peters"  states,  ''nothing  would  be  so  welcome  to  the 
furnace  man  as  to  do  this" — but  would  also  permit  of  the  heat  being 
entirely  under  control  and  easily  regulated  and  thus  avoid  "freeze-ups" 
with  their  consequent  vexations  and  costly  delays.  Py  this  latter 
statement  it  is  not  meant  that  any  sort  of  charge  could  be  put  through 
the  furnace  and  not  ''freeze,"  an  idea  which  seems  to  be  quite  preva- 
lent in  regard  to  electric  furnaces,  but  that,  if  the  charge  be  properly 
calculated;  a  much  wider  variation  in  the  composition  of  the  slag 
from  that  calculated  would  be  permissible  than  would  be  the  case 
in  ordinary  blast-furnace  smelting. 

MECHANICAL  CONSIDERATIONS. 

By  referring  to  figures  5  and  6  it  will  be  noted  that  the  chief  differ- 
ence in  the  construction  of  the  electric  blast  furnace  from  that  of  the 
ordinary  blast  furnace  would  be  in  the  part  below  the  tuyeres;  in 
other  words,  the  crucible  of  the  furnace.  Due  to  the  fact  that  elec^ 
trie  furnace  construction  has  received  the  attention  of  some  of  the 
^r&rj  best  mechanical  and  electrical  engineers,  and  because  a  crucible 
based  upon  the  principle  of  the  design  shown  in  figure  5  is  now  exten- 
sively used  in  the  electric  iron  reduction  furnaces  of  Norway  and 
Sweden,  the  writers  believe  that  no  difficulty  would  be  experienced 
in  this  respect.  Various  methods  and  arrangements  can  be  used  for 
connecting  up  electrodes.  If  this  be  true,  there  remains  to  be  con- 
sidered only  the  matter  of  costs.  « 

COMPARISON   OF  COSTS. 

Inasmuch  as  it  has  already  been  stated  that  the  use  of  the  electric 
furnace  as  a  competitor  of  the  blast  or  combustion  furnace,  or  that 
it  should  replace  the  copper  blast  furnace,  is  not  advocated  by  the 
writers,  it  will  be  evident  that  a  comparison  of  costs  is  made  simply 
for  the  purpose  of  giving  some  idea  as  to  the  outlay  that  would  be 
necessary  to  erect 'and  operate  an  electric  furnace  plant  for  the  pur- 
pose of  smelting  copper  ores. 

a  Peters,  B.  D.,  Principles  of  copper  smelting,  1907,  p.  334. 
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Naturally,  the  fiist  thing  to  be  considered  is  whether  it  would  be 
feasible  to  attempt  to  substitute  electrical  energy  for  coke,  due  to 
the  cost  of  the  former. 

COST  OF  PLANT. 

The  cost  of  an  electric-furnace  plant  would  be  about  the  same  as 
the  cost  of  a  regular  plant  plus  the  cost  of  electrical  installation  but 
exdusive  of  the  cost  of  the  generating  plant,  as  it  is  assumed  that  it 
would  be  possible  to  purchase  electric  power  from  some  other  company, 
or,  if  not,  that  the  generating  plant  be  considered  as  a  separate  organ- 
ization selling  power  to  the  smelter  at  so  much  per  unit.  Therefore 
by  electrical  installation  is  meant  the  cost  of  transformers,  bus  bars, 
cables,  instruments,  etc.  In  order  to  have  a  basis  for  computing 
this  cost,  it  is  assumed  that  the  furnace  is  to  smelt  384  tons  of  charge 
a  day,  the  composition  of  the- charge  being  as  follows: 

Compontion  of  charge. 

Peront. 

Cu 6.21 

SiO, 26.41 

FeO laeo 

8 1L46 

AV), 4.26 

CaO 17.49 

This  is  the  average  composition  of  the  entire  blast-furnace  charge 
that  was  smelted  at  the  Washoe  smelter.  Anaconda,  for  several 
months.'*  At  the  Washoe  plant  8.2  per  cent  of  coke  was  used.  The 
amount  of  electrical  eneigy  that  would  be  required  to  smelt  a  charge 
of  this  nature  in  an  electric  furnace  will  now  be  considered. 

At  the  Washoe  smelter  the  furnaces  formerly  used  were  56  by  180 
inches  in  cross  section  (hearth  area  70  square  feet)  and  smelted  on 
an  average  a  little  less  than  400  tons  of  charge  daily,  or  5.6  tons  per 
square  foot  of  the  hearth  area.^ 

AMOUNT  OF  ELECTRICAL  BNEBQT  REQUIRED  TO  REPLACE  COKE. 

Since  8.2  per  cent  of  coke  was  required  at  the  Washoe  smelter  to 
smelt  1  ton  of  the  above  charge,  the  consumption  of  coke  per  ton 
of  charge  was  2,000  X  8.2  « 164  pounds. 

The  coke  used  contained  80.24  per  cent  of  fixed  carbon;  therefore, 
the  number  of  pounds  of  carbon  in  164  pounds  of  coke  is  164  X  80.24  » 
131.59.  If  1  pound  of  carbon  be  completely  burned  to  carbon 
dioxide,  8,100  pound-calories  are  obtained.  Therefore  the  number 
of  pound-calories  that  would  be  obtained  from  the  131  pounds  of 
carbon  contained  in  the  164  pounds  of  coke  is  131 X  8,100  « 1,061,100. 
As  1  kilowatt-hour  is  equivalent  to  1,897  pound-calories,  it  would 

a  Peton,  E.  D.,  Practice  of  copper  smelting,  1911,  p.  264. 
^  Felen,  B.  D.,  Principles  of  copper  smelting,  1907,  p.  156. 
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require  1,061,1004-1,897  =  569  kilowatt-hours  to  replace  the  theo- 
retical calorific  value  of  the  164  pounds  of  coke.  However,  as  a 
copper  blast  furnace  under  the  most  favorable  conditions  probably 
does  not  have  an  efficiency  of  over  50  per  cent,  the  amount  of  energy 
really  obtained  from  the  coke,  so  far  as  work  performed  in  the  furnace 
is  concerned,  is  only  530,550  pound-calories,  which  is  theoretically 

530  550 
equivalent  to       '      '  or  280  kilowatt-hours  per  ton.    Inasmuch  as  the 

1,0*71 

efficiency  of  the  electric  furnace  of  this  type  may  be  as  much  as  85 
per  cent  and  as  that  of  an  open-top  ferrosilicon  furnace  is  said  to 
be  about  60  per  cent,'^  it  is  fair  to  assume  Jthat  the  efficiency  of  an 
electric  furnace,  such  as  is  shown  in  figure  3,  would  be  20  per  cent 
greater  than  that, of  an  ordinary  blast  furnace,  or  about  70  per  cent 
as  compared  with  50  per  cent  for  the  blast  furnace.  If  this  be  true, 
then  the  theoretical  280  kilowatt-hours  needed  to  smelt  1  ton  of 
charge  would  have  to  be  increased  1.42  times  (280  X  1.42 « 397) , 
or,  say,  in  round  numbers,  400  Idlowati-hours  would  be  required  to 
smelt  1  ton  of  charge.  Considering  that  part  of  the  heat  in  this 
case  is  supplied  by  combustion  of  sulphides,  the  figures  agree  closely 
with  the  480  Idlowatt-hours  calculated  from  the  experiments  on 
melting  only.  As  16  tons  of  charge  per  hour  are  to  be  smelted,  the 
constant  load  on  the  furnace  would  be  400X16  =  6,400  kilowatt- 
hours,  and  as  the  power  supply  would  doubtless  be  three  phase,  this 
would  mean  that  the  electrical  equipment  should  consist  of  three 
2,500-kilowatt  variable  voltage  transformers.  Transformers  of  this 
capacity  would  allow  ample  margin  for  sudden  overloads,  instruments, 
bus  bars,  cables,  and  miscellaneous  supplies. 

The  cost  of  this  equipment  at  the  plant  would,  of  course,  depend 
upon  the  location  of  the  plant  and  would  be  the  factory  costs  plus 
transportation  charges. 

As  to  the  total  cost  of  the  plant,  that  would  also,  of  course,  depend, 
as  in  eveiy  instance,  upon  the  location  of  the  plant.  In  short,  as 
before  stated,  it  would  be  the  cost  of  an  ordinary  copper  blast-furnace 
plant  plus  the  cost  of  the  electrical  installation.  The  cost  of  the 
furnace  itself  would  be  no  more  than  that  of  a  coke  blast  furnace. 
As  only  enough  air  is  blown  in  to  oxidize  the  iron  and  sulphur,  the 
blower  capacity  would  not  need  to  be  so  large  as  for  a  regular  blast 
furnace. 

COST  OF  SMELTINO. 

It  may  be  stated  that  the  cost  of  coke  and  the  cost  of  electrical 
energy  are  about  on  a  par  when  coke  costs  $7  a  ton  and  electrical 
energy  costs  $0.15  per  kilowatt-hour,  or  $13  a  kilowatt-year;  that 
is,  when  the  ratio  of  the  cost  of  coke  per  ton  to  the  cost  of  power 

« 

a  Conrad,  W.,  and  Piels,  W.,  La  fabrication  du  forrosilioiam  it  bante  teneor  an  four  aleetriqiM:  Rerua  Ittt , 
▼ol.  0, 1912,  p.  363. 
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per  kflowatt-year  is  about  1 : 1.8.  Any  advantages  which  there  may 
be  in  the  use  of  an  electric  blast  fumaca  instead  of  an  ordinary  blast 
famace^  such  as  the  saving  in  blowing  by  reason  of  not  having  to 
funush  air  for  burning  the  coke,  will  be  disregarded,  and  it  is  assumed 
that  the  cost  of  electrodes  and  of  the  electricitv  on  the  one  hand,  and 
the  cost  of  its  equivalent  in  heating  value  of  coke  on  the  other,  would 
be  equal;  in  other  words,  that  the  cost  of  electrodes  and  electricity 
would  balance  the  cost  of  the  amount  of  coke  that  would  be  necessary 
to  smelt  the  same  quantity  of  ore. 

Go9i  of  electrodes. — The  averi^e  consumption  of  electrodes  in  smelt- 
ing iron  ore  at  TroUhftttan,  Sweden,  is  about  10  pounds  per  ton  of 
iron  produced.  Assuming  that  1  ton  of  iron  is  equivalent  to  2  tons 
of  iron  ore,  the  consumption  of  electrodes  per  ton  of  charge  smelted 
in  a  furnace  such  as  the  one  under  discussion  would  not  be  over  5 
pounds  per  ton.  If  it  is  assumed  that  the  electrodes  do  not  cost 
over  6  cents  per  pound,  which  allows  a  fair  margin  for  transportation 
over  their  cost  at  the  factory,  the  cost  of  electrodes  would  be  about 
30  cents  per  ton  of  charge  smelted.  The  consumption  would  prob- 
ably be  considerably  less  than  5  pounds  per  ton,  as  in  an  experiment 
performed  by  the  writers  in  which  air  was  blown  into  the  furnace, 
the  electrode  consiunption  was  only  2  pounds  per  ton  of  ore  treated. 
Such  being  the  case,  if  the  combined  electrical  energy  and  electrode 
cost  is  not  to  exceed  the  equivalent  coke  cost,  with  coke  at  $9  a  ton, 
the  cost  of  electrical  energy  would  be  9X1.8  =  116.20  a  kilowatt- 
year,  minus  the  cost  of  electrodes,  or  about  $16.  Compared  on  the 
basis  of  calories,  if  the  coke  contains  80.24  per  cent  fixed  carbon,  it 
would  contain  1,604.8  pounds  of  carbon  per  ton  of  2,000  pounds,  and 
this  carbon  would,  if  completely  burned  to  CO,,  give  a  calorific  value 
of  about  13,000,000  pound-calories.  As  one  kilowatt-year  of  electric 
energy  is  equivalent  to  16,616,000  pound-calories,  it  would  require 
something  like  1.2  tons  of  coke  containing  80.24  per  cent  fixed  carbon 
to  equal  in  calorific  value  a  kilowatt-year,  if  it  be  assumed  that  all 
the  carbon  of  the  coke  is  completely  burned  to  CO,,  a  condition  which 
rarely  occurs  in  practice.  It  has  been  determined  from  actual  prac- 
tice that  from  1.5  to  1.8  tons  of  coke  are  required  to  yield  the  same 
number  of  useful  calories  as  may  be  obtained  from  1  kilowatt-year 
of  electrical  energy. 

THE  VSE  OF  THE  BIJEOT&IO  BLAST  FURNACE  IN  THE  SMELTINO 

OF  PTRITIO  OBES. 

As  was  previously  stated,  in  all  true  pyritic  smelting  a  certain 
amount  of  fuel,  usually  coke,  that  varies  with  the  nature  of  the  ore 
is^ded  to  the  charge.  Assume,  for  the  purpose  of  this  discussion, 
that  the  ore  being  treated  is  entirely  suited  to  pyritic  smelting  and 
that  it  is  not  necessary  to  add  more  than  0.5  per  cent  of  coke  to  the 
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• 

charge^  could  such  an  ore  be  treated  as  well  in  an  electric  blast  fur* 
nace  as  in  an  ordinary  f umacQ,  assuming  that  the  costs  would  be  the 
same  in  each  case?  As  what  has  been  stated  in  regard  to  the  con- 
struction of  the  furnace  and  the  costs  of  applying  the  process  is  as 
appUcable  to  true  pyritic  as  it  is  to  semipyritic  smelting,  the  discus- 
sion will  be  limited  to  the  metallurgical  and  chemical  features  involved. 

The  nature  of  the  atmosphere  in  a  pyrite  furnace  will  first  be  con- 
sidered. As  the  air  enters  the  tuyeres  practically  all  of  its  oxygen 
enters  into  immediate  combination  with  sulphur  and  iron  to  form 
SO3  and.FeO.  Although  some  oxygen  escapes  combination,  the 
amount  is  not  sufficient  to  support  combustion  within  the  furnace,  as 
has  been  shown  by  Sticht  and  others.**  So  much,  then,  for  the  nature 
of  the  atmosphere  within  the  furnace. 

The  changes  which  take  place  in  the  charge  as  it  descends  from  the 
charging  door  to  the  fusion  zone  are  few  and  may  briefly  be  stated  as 
follows : 

1.  The  iron  sulphide  loses  one-half  of  its  sulphur  as  elemental  sul- 
phur and  becomes  FeS. 

2.  The  chalcopyrite  loses  about  one-fourth  of  its  sulphur  and 
becomes  practically  a  mixture  of  Cu^S  and  FeS. 

3.  The  silica  is  unchanged. 

4.  The  coke  is  for  the  most  part  consumed  in  the  upper  zone  of  the 
furnace,  not  by  the  oxygen  of  the  air,  as  no  free  oxygen  exists  in  that 
part  of  the  shaft,  but  by  the  O  from  SO,;  that  is,  the  carbon  of  the 
coke  reduces  the  SOj,  the  products  of  the  reaction  being  S  and  CO, 
and  this  CO  reacts  with  more  SOj,  forming  S  and  COj.  Aside  from 
these  reactions,  which  are  of  no  great  importance  in  the  chemistry  of 
the  process,  the  chief  office  of  the  coke,  as  pointed  out  by  Sticht,* 
'^  is  apparently  to  heat  up  the  sulphides  and  the  quartz  in  preparation 
for  their  active  oxidation  deeper  in  the  furnace."  If,  therefore,  coke 
was  omitted  from  the  charge,  this  preparation  of  the  sulphides  and 
the  quartz  would  not  take  place,  and  it  becomes  necessary  to  deter- 
mine how  detrimental  to  the  process  this  lack  of  preparation  would  be. 

In  order  to  answer  this  question  it  must  be  borne  in  mind  that  in 
true  pyritic  smelting  there  is  *'no  heat  to  spare,"  and  that  although, 
as  pointed  out  by  Sticht,  the  heat  evolved  by  the  combustion  of  the 
coke  by  the  oxygen  of  sulphur  dioxide  is  only  one-third  as  much  as  it 
would  be  if  the  oxygen  were  furnished  direct  by  the  blast,  and  that 
it  is  given  *off  at  a  point  considerably  higher  than  the  focus  of  the 
furnace,  it  nevertheless  ''assists  in  preparing  the  charge  for  the 
reactions  which  take  place  in  the  focus  of  the  furnace,  for  with  1 
per  cent  of  coke  in  the  charge  enough  heat  is  generated  to  supply 

a  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  225. 
6  Peters,  E.  D.,  loc.  cit.,  p.  227. 
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one-third  of  the  heat  required  to  melt  the  entire  pjrrrhotite  contents 
of  the  charge/'  This  extra  heat  ''doubtless  furnishes  just  the 
necessary  aid  to  bridge  the  operation  over  some  critical  point." 
Prom  this  it  is  evident  that  the  office  of  the  coke,  then,  is  solely  for 
the  purpose  of  furnishing  heat.  Inasmuch  as  the  nature  of  the 
charge  in  true  pyritio  smelting  is  such  as  to  demand  the  oxidation 
and  removal  of  a  large  excess  of  iron  as  sihcate;  and  as  it  is  neces- 
sary to  cause  the  silica  present  to  unite  wiQx  as  much  FeO  as  pos- 
sible, due  to  the  fact  that  as  a  rule  silica-bearing  materials,  which 
often  are  barren  and  hard  to  obtain,  have  to  be  added  for  slag- 
forming  purposes,  and  as  the  saturation  point  of  silica  for  iron  oxide 
is  greater,  the  higher  the  temperature  attainable  in  the  pyiitic  fur- 
nace; it  is  quite  necessary  that  the  reactions  in  the  melting  zone  of 
the  furnace  proceed  as  energetically  as  possible  in  order  to  meet 
these  requirements  and  to  provide  enough  heat  to  keep  the  process 
going.  If,  therefore,  pyritic  smelting  be  attempted  in  an  electric 
blast  furnace  it  would  be  necessary  to  supply  the  heat  from  the 
electric  current  in  such  a  manner  as  to  insure  there  being  enough 
heat  at  the  focus  to  carry  on  the  reactions  at  that  point  in  the  same 
manner  as  if  coke  had  been  added  to  the  charge.  The  writers  are 
of  the  opinion  that  it  would  be  possible  and  perfectly  feasible  to  do 
this  in  a  furnace  of  the  type  shown  in  figure  5.  Moreover,  the  use 
of  electric  heating  would  permit  of  a  more  uniform  operation  of  the 
famaoe  than  is  now  possible,  for  with  the  electric  current  it  would 
be  an  easy  matter  to  quickly  increase  or  decrease  the  heat  required 
for  the  successful  operation  of  the  furnace.  In  this  way  there 
could  be  maintained  the  ''degree  of  concentration  at  a  constant" 
which,  as  pointed  out  by  Sticht,  is  very  important,  but  is  extremely 
difficult  to  do.  Also  the  troubles  could  be  avoided  that  arise  from 
the  constant  fluctuations  "which  are  bound  to  occur  and  which  at 
present  demand  unbroken  attention  and  frequent  changes  in  the 
charge,  especially  in  its  proportion  of  sihca,  due  to  the  fact  that  in 
true  pyiite  smelting  there  is  no  heat  to  spare,"  because  with  the  elec- 
tric blast  furnace  it  would  be  possible  as  just  stated,  to  increase  or 
decrease  the  heat  whenever  it  would  be  necessary  to  do  so  in  order  to 
meet  these  fluctuations. 

CONCIiUSION. 

The  electric  smelting  of  copper  ores  is  nothing  more  than  the  sub* 
stitution  of  electric  heat  for  the  heat  derived  from  the  combustion 
of  carbon.  Inasmuch  as  the  carbon  which  is  used  either  in  the 
reverberatory  furnace  or  in  the  blast  furnace  plays  no  important 
part  in  the  reactions  that  take  place  in  these  furnaces,  there  is  no 
reason  metalluigically  why  electric  heat  may  not  be  substituted  for 
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the  heat  derived  from  the  combustioix  of  carbon.  lu  fact,  as  the  au- 
thors have  attempted  to  pouxt  out,  in  some  cases  the  reactions  would 
take  place  to  better  advantage  in  the  neutral  atmosphere  of  the  elec- 
tric furnace  than  in  the  reducing  or  partly  reducing  atmosphere  of  the 
combustion  furnace.  Therefore,  the  practicability  of  using  the  elec- 
tric furnace  for  the  smelting  of  copper  ores  would  largely  depend  on 
the  relative  cost  of  coke  and  electric  power.  As  the  use  of  the  elec- 
tric furnace  is  not  advocated  as  a  competitor  of  the  combustion  fur- 
nace, but  as  a  substitute  for  it,  in  those  locaUties  where  it  is  not 
advisable,  because  of  the  high  cost  of  fuel,  to  use  the  combustion  fur- 
nace^ there  is  no  apparent  reason  why  the  electric  furnace  may  not 
be  developed  as  a  substitute  for  the  combustion  furnace  where  the 
conditions  are  such  as  to  warrant  its  use,  especially  in  the  treatment 
of  copper-bearing  ores.  In  this  connection  it  is  to  be  remembered 
that  the  development  of  the  electric  furnace  in  the  iron  industry 
for  the  reduction  of  iron  from  its  ores  was  due  to  necessity.  As  a 
matter  of  fact,  the  field  for  the  electric  furnace  in  the  reduction  of 
iron  from  its  ores  is  a  limited  one.  Perhaps  the  same  is  true  as 
regards  the  possible  appUcation  of  the  electric  furnace  to  the  treat- 
ment of  copper  ores,  but,  judging  from  the  comparative  costs,  as 
shown  in  the  preceding  pages,  it  would  seem  that  the  possibilities  of 
the  electric  furnace  for  the  treatment  of  copper  ores  are  greater  than 
those  for  the  treatment  of  iron  ores,  because  there  is  not  so  great  a 
difference  between  the  cost  of  coke  and  of  electric  power  in  copper- 
mining  districts  as  there  is  in  iron-smelting  centers.  Also  the  cost 
of  electric  power  is  constantly  becoming  less,  through  improvements 
in  gas  engines  and  steam  turbines,  so  that  in  districts  where  water 
power  is  not  plentiful  but  cheap  fuels  unsuited  to  coke  making  are 
available,  it  may  be  found  more  advantageous  to  use  electric  heat 
than  the  heat  derived  from  the  combustion  of  coke. 

It  is  sincerely  hoped  by  the  writers,  although  it  is  impossible  at 
this  time  to  present  but  few  facts,  that  the  comparative  study 
herewith  presented  may  serve  to  stimulate  interest  in  the  subject 
of  the  electric  smelting  of  copper  ores  and  to  cause  others  to  attempt 
a  further  investigation  of  the  subject.  As  a  result  of  their  investi- 
gation, the  writers  are  convinced  that  experimental  work  on  a  larger 
scale  would  lead  to  the  development  of  an  electric  blast  furnace  which 
in  some  cases  could  be  used  to  better  advantage  for  smelting  sul- 
phide ores  of  copper  than  the  combustion  blast  furnace. 
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INTERNATIONAL  CONFERENCE  OF  MINE-EXPERIMENT  STATIONS, 
PITTSBORGH,  PA.,  U.  S.  A.,  SEPTEMBER  14  TO  21, 1912. 


Compiled  by  Georqe  S.  Rice. 


PURPOSE  OF  (CONFERENCE— MINUTES  OF  SESSIONS. 

INTRODUCTION. 

In  191 1  the  Director  of  the  United  States  Bureau  of  Mines  instructed 
the  chief  mining  engineer  of  the  bureau,  during  an  investigation  of 
coal-mine  safety  conditions  in  Europe,  to  ask  the  directors  of  the  va- 
rious mine-experiment  stations  whether  they  would  favor  a  European 
conference.  The  majority  of  the  officials  in  immediate  charge  of  ex- 
periment stations  favored  the  plan,  and  Victor  Watteyne,  inspector 
general  of  Belgium,  suggested  that  the  United  States  call  such  a  con- 
ference to  be  held  immediately  after  the  Eighth  International  Con- 
gress of  Applied  Chemistry,  which  was  to  assemble  in  New  York  on 
September  3,  1912. 

Accordingly,  invitations  were  issued  by  the  United  States  Govern- 
ment to  those  countries  having  mine-experiment  stations,  namely, 
Austria-Hungary,  Belgium,  France,  Germany,  and  Great  Britain,  and 
to  those  that  contemplated  the  establishment  of  such  stations,  Canada 
and  Mexico.  All  but  Great  Britain  and  Canada  accepted;  Mexico 
designated  a  representative,  who  later  found  it  impossible  to  come. 
The  Government  of  Great  Britain  in  declining,  expressed  regret  at  its 
inability  to  accept;  an  informal  statement  was  made  that  the  open- 
ing of  the  experimental  gallery  at  Eskmeals,  England,  occupied  the 
attention  of  the  officials  in  charge. 

Delegates  were  appointed  by  their  respective  Governments  as 
follows: 

Austriar-Hungary,  Julian  Czaplinski,  royal  mining  engineer. 

Belgium,  Victor  Watteyne,  inspector  general  of  miues. 

Prance,  J.  Taffanel,  director  of  the  Lievin  experiment  station. 

Germany,  Carl  Beyling,  bergassessor,  director  of  Dortmund  experi- 
ment station. 

United  States,  Charles  E.  Munroe,  consulting  explosives  expert 
and  George  S.  Rice,  chief  mining  engineer  of  the  Bureau  of  Mines. 

Subsequently  Mr.  William  O'Connor,  a  mining  engineer  and  mine 
operator  of  Wales,  who  opportunely  appeared  at  the  Pittsbiffgh  sta- 
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tion  with  letters  of  introduction  from  the  South  Wales  Institute  of 
Engineers  and  from  prominent  mining  officials  of  Great  Britain,  was 
unanimously  invited  to  take  part  in  the  meeting  as  an  unofficial  rep- 
resentative of  Great  Britain. 

Messrs.  Beyling,  Taffanel,  and  Watteyne  were  met  in  New  York  on 
September  3,  by  George  S.  Bice,  who  accompanied  them  to  Washing- 
ton, where  they  were  welcomed  by  Director  J.  A.  Holmes,  of  the 
Bureau  of  Mines,  and  where,  with  the  delegates  to  the  Eighth  Inter- 
national Congress  of  Applied  Chemistry,  they  were  presented  to  Presi- 
dent Taf  t. 

Mr.  Ta£Panel  was  unfortunately  called  back  to  France  just  before 
the  scheduled  time  of  the  conference  on  account  of  a  mine  disaster ; 
the  other  delegates,  including  Mr.  Czaplinski,  convened  at  Pittsbui^h 
on  the  morning  of  September  14.  Mr.  Rice,  representing  the  Direc- 
tor of  the  Bureau  of  Mines,  acted  as  temporary  chairman,  and  called 
the  meeting  to  order. 

CHAIRMAN'S  OPENING  ADDRESS. 

The  chairman  opened  the  conference  with  the  following  remarks: 

.  Gbntlemen:  The  director  of  the  United  States  Bureau  of  Mines  was  to  have  opened 
this  conference.  Unfortunately ,  circumstances  delay  his  arrival,  so  he  has  asked 
me  to  represent  him  in  this  pleasing  duty.  I  therefore,  on  his  behalf  and  on  behalf 
of  the  Government,  bid  you  a  cordial  welcome  to  this  country  and  to  this  conference. 

It  is  a  source  of  pleasure  to  the  representatives  of  this  Government  that,  in  spite  of 
the  late  date  at  which  the  invitations  were  issued  through  the  Department  of  State, 
of  the  six  great  nations  that  now  have  coal-mine  testing  stations,  five,  including  the 
United  States,  have  appointed  official  delegates.  The  Grovemment  of  Great  Britain 
replied  that  it  regretted  that  there  was  not  sufficient  time  to  permit  making  arrange- 
ments to  send  a  delegate,  and  that  the  members  of  the  commission  are  now  conducting 
important  experiments  at  the  Government  station  and  are  so  occupied  with  that  work 
that  they  are  unable  to  attend. 

It  is  with  great  regret  that  I  have  to  announce  that  the  eminent  investigator,  M. 
TaSanel,  one  of  the  two  official  delegates  to  this  conference  from  France,  who  has  been 
attending  the  International  Congress  of  Applied  Chemistry,  was  recalled  a  few  days  ago 
on  account  of  a  serious  explosion  at  the  Clarence  mine,  in  the  Pas  de  Calais  district. 
Fiance .  His  absence  is  a  serious  loss  to  this  conference ,  and  I  am  sure  that  I  am  stating 
the  views  of  the  various  members  in  expressing  sympathy  for  M.  Taffanel  in  the  misfor- 
tune of  this  mining  disaster.  It  will  undoubtedly  interest  the  conference  to  report 
what  M.  Taffanel  told  me  recently  in  Washington  that  the  Clarence  mine  is  Very  gas- 
eous and  subject  to  spontaneous  fires — a  most  serious  combination,  as  all  mining  men 
know.  I  have  i)erBonally  observed  the  excellent  preventive  means  against  dust  explo- 
sions taken  in  the  French  mines  as  a  result  of  M.  TaffaneFs  investigations  at  the  Li^vin 
station.  M.  Weiss,  the  other  delegate  from  France,  has  not  yet  arrived,  I  believe, 
but  we  hope  that  he  will  be  with  us  at  the  subsequent  sessions. 

The  plan  of  a  cooperative  arrangement  between  the  representatives  of  the  different 
testing  stations  was  discussed  by  the  mine-accident  committee  of  this  bureau,  and 
last  summer  when  I  was  sent  to  Europe  with  a  party  of  engineers  to  visit  European 
coal  mines  and  testing  stations,  the  director  suggested  that  I  make  inquiry  informally 
of  the  directors  of  the  several  stations  as  to  whether  they  would  approve  of  the  plan  of 
holding  a  conference.    All  those  whom  I  saw  expressed  themselves  as  being  pleased 
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▼ith  the  idea.  M.  Watteyue,  the  delegate  from  Belgium,  suggested  that  in  view  of 
the  inteniatioiial  congress  of  applied  chemistry  meeting  in  America  this  summer  it 
would  be  an  excellent  idea  for  tiie  United  States  to  invite  the  various  countries  to  send 
lepiesentatives  who  might  attend  this  congress,  and  then  have  a  special  conference 
on  the  mine-testing  work.  On  my  return  the  director  expressed  pleasure  at  the  sug- 
gestion, and  invitations  would  then  have  been  issued  had  there  not  been  uncertainty 
about  the  action  of  Congress  regarding  appropriations  for  the  year's  work  of  the  biueau. 
Owing  to  delay  in  making  these  appropriations  the  invitations  could  not  be  sent  earlier 
than  they  were. 

Besides  the  official  delegates  who  are  present,  we  are  fortunate  in  having  with  us  a 
number  of  visitors  from  abroad  as  well  as  from  this  country. 

As  a  result  of  a  preliminary  conference  with  the  official  delegates,  I  am  pleased  to 
announce  that  the  visitors  present  may  attend  all  those  meetings,  tests,  and  demon- 
strations indicated  on  the  program,  except  the  business  meeting  on  Thursday  evening 
and  possibly  certain  other  business  sessions. 

I  now  take  pleasure  in  introducing  Mr.  Herbert  M.  Wilson,  engineer  in  charge  of  the 
Pittsburgh  testing  station,  who  will  give  you  a  few  words  of  greeting  from  the  local  staff 
of  the  biueau. 

ADDRESS  BT  H.  M.  WHjSON. 

Mr.  Tf^lson  spoke  as  follows : 

Mb.  Chairman  and  Gbntlembn:  The  engineers  of  the  United  States  Bureau  of 
Mines,  with  headquarters  in  Pittsbuigh,  greet  you  and  are  delighted  to  have  you  with 
them.  Not  only  we,  but  the  people  of  Pittsburgh,  and  especially  the  mining  people 
centered  in  Pittsbuigh,  feel  greatly  honored  that  an  official  international  conference 
having  to  do  with  such  important  subjects  as  you  are  to  consider  should  meet  in  their 
city.  Pittsbuigh  is  very  properly  chosen  for  the  convening  of  the  first  international  con- 
ference to  consider  matters  l^t  may  improve  the  conditions  of  safety  and  of  efficiency 
in  the  mining  of  coal,  because  it  is  one  of  the  greatest  coal-mining  centers  in  the  world, 
representing  a  production  of  200,000,000  tons  annually,  and  with  a  mining  pay  roll  of 
over  300,000  men. 

The  program  of  the  conference  is  before  you,  and  I  am  sure  that  this  country,  as  well 
as  your  own  countries,  look  forward  with  great  expectations  and  hope  of  the  good  that 
will  ultimately  come  of  the  proceedings  of  this  body. 

ADDRESS  BT  CHARI^BS  E.  MUNROE. 

The  temporary  chairman  then  introduced  Prof.  Charles  E.  Munroe 
with  these  words  : 

I  take  pleasure  in  introducing  Prof.  Charles  E.  Munroe,  of  Washington,  D.  C,  who 
is  consulting  explosives  chemist  of  the  bureau,  and  whose  name  is  well  known  to  many 
of  3rou,  who  will  extend  some  words  of  greeting  on  behalf  of  the  Washington  contingent 
of  the  bureau,  and  also  for  the  explosives  chemists. 

Prof.  Munroe  spoke  as  follows: 

I  am  very  glad  to  add  my  voice  to  the  expressions  that  have  been  made  to  you. 
I  had  no  intimation  that  I  was  to  bear  a  part  in  this  manner,  but  what  has  been  said 
has  been  said  so  admirably  that  it  leaves  me  little  to  say.  I  may  perhaps  call  atten- 
tion to  the  fact  that  our  country  has  been  a  little  laggard  in  these  investigations,  and 
that  yon  gentlemen  in  Germany,  France,  Belgium,  and  England  were  years  in 
advance  of  us  in  investigating  the  problems  of  explosions  in  mines  and  the  methods 
by  which  they  might  be  reduced  in  number  and  might  be  mitigated  or  suppressed. 
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Our  peculiar  governmental  organization  prevented  our  sooner  undertaking  the 
solution  of  these  problems,  tliough  they  were  before  the  minds  of  many  and  had  been 
brought  forward  publicly  to  attention.  This  peculiar  governmental  organization 
requires  a  special  kind  of  individual  to  solve  its  Gordian  knots,  and  it  was  not  until 
the  present  director  of  the  Bureau  of  Mines  appeared,  who  has  a  gift  for  cutting  knots 
and  expressing  a  purpose,  that  we  were  able  to  do  what  we  have  done.  I  think  that 
in  the  time  this  bureau  has  been  organized  a  reasonable  amount  of  work  has  been 
accomplished — all  I  think  that  might  have  been  expected  of  it  in  this  time. 

I  am  speaking  in  this  way  because  my  attention  has  been  limited;  I  am  a  viewer 
rather  than  an  actor;  I  have  seen  what  others  are  doing;  I  have  noticed  what  they  have 
initiated.  I  remember  that  at  the  outset  of  the  organization  of  this  station  we  had 
the  benefit  of  your  advice,  your  comment,  and  your  criticism,  and  of  your  long  exper- 
ience, all  of  which  have  proved  so  valuable  to  us  in  the  work  we  have  done.^ 

We  have  now  gained  some  little  experience,  in  that  we  have  seen  some  of  the 
problems  that  are  to  be  solved;  also  we  have  seen  many  great  difficulties  that  must  be 
overcome. 

ADDRESS  BY  MR.   WATTE YNE. 

Mr.  Victor  Watteyne,  of  Belgium,  was  introduced  by  the  chairman 
and  made  the  following  remarks: 

First,  I  congratulate  the'Bureau  of  Mines  for  the  great  work  it  has  done  so  rapidly. 
Only  four  years  ago  you  were  just  beginning;  now  you  have  done  a  great  many  things. 
I  congratulate  Dr.  Holmes,  who  is  the  promoter  of  all  this,  and  I  congratulate  also  the 
Buceau  of  Mines,  which  has  practically  initiated  the  idea  of  uniting  the  work  of  the 
testing  stations. 

The  questions  under  investigation  are  not  new.  The  testing  station  at  Frameries 
was  established  many  years  ago;  and  at  Berlin  nine  years  ago  it  was  suggested  by 
an  English  delegate  to  conduct  the  testing  station  at  Frameries  as  an  international 
testing  station,  and  to  appoint  a  committee  that  would  decide  what  experiments  should 
be  made.  Belgium  was  not  the  first  to  have  a  testing  station;  Germany  and  Austria 
already  had  testing  stations.  Belgium,  being  a  neutral  country,  was  considered 
eligible,  and  had  been  suggested  as  the  place  for  an  international  testing  station, 
but  the  idea  was  not  practicable.  It  was  impossible  to  have  an  international  com- 
mittee coming  from  all  parts  of  the  world  working  at  Frameries  and  indicating  the 
program  of  the  experiments  to  be  made.  However,  the  idea  was  presented  again  at  the 
congress  at  Li^e  in  1905,  but  it  was  rejected  also. 

Now,  Dr.  Holmes  proposes  that  the  five  or  six  testing  stations  in  the  world  unite 
their  work.  The  question  of  unification  has  already  been  spoken  of  in  a  preliminary 
meeting,  and  we  quite  agree.  We,  meaning  Dr.  Holmes,  Mr.  Bey  ling,  Mr.  Taffanel, 
and  myself,  had  a  meeting  in  New  York  before  coming  here,  as  Mr.  Taffanel  had  to 
return  to  France.  We  considered  the  leading  idea  that  ought  to  prevail  in  our  con- 
ference. This  must  not  be  a  question  of  indicating  to  each  testing  station,  generally 
speaking,  the  way  in  which  it  must  work,  for  such  a  course  would  prevent  the  develop- 
ment of  initiative  at.  the  different  testing  stations.  The  initiative  and  the  desire  to  do 
better  than  another  must  be  preserved  because  they  make  for  the  good  of  humanity,  for 
the  good  of  the  problem  with  which  we  are  dealing  hand  in  hand.  Some  of  the  results 
obtained  at  the  different  testing  stations — Pittsburgh,  Gelsenkirchen,  Frameries, 
Li^vin,  and  Altofts — are  rather  contradictory.  There  must  be  a  reason  for  that,  and 
seeking  the  reason  will  be  one  of  the  purposes  of  the  international  studies.  Of  course, 
if  the  same  question  is  solved  differently  in  different  countries  the  solution  is  cer- 


o  See  Technical  Paper  21,  Bureau  of  Mines:  The  prevention  of  mine  exploeioiu,  by  Victor  Watteyne, 
Carl  Meissner,  and  Arthur  Desborou^. 
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tainly  not  exact  in  several  points;  if  we  get  different  results  it  is  a  proof  certainly 
that  we  at  first  made  mistakes — ^perhaps  all  of  us.  It  is  very  important  to  make  no 
important  error.  For  example,  it  would  be  a  deadly  mistake  if  we  accept  an  explo- 
sive as  safe  when  it  is  not;  we  might  cause  the  death  of  some  workmen  by  such  a 
mistake.  • 

It  is  very  important  to  study  such  questions  with  care.  At  this  moment  I  can  not 
enter  into  details  of  what  might  be  done,  but  you  understand  it  is  one  of  the  points 
we  have  to  consider  together,  one  of  the  points  that  would  make  the  conference  of 
great  and  positive  utility.  Another  point — ^we  may  have  some  experiments  that  we 
will  study  together,  but  such  as  are  not  susceptible  of  being  tried  in  all  the  testing 
stations.  For  instance,  in  Frameries,  if  we  wish  to  have  a  laige  explosion  like  one 
tried  in  the  gallery  of  another  country  and  know  what  has  occurred  in  that  explosion 
and  what  are  the  means  of  preventing  its  propagation,  I  could  not  experiment  with 
exactly  the  same  conditions  because  my  testing  station  is  not  made  or  arranged  for 
that;  but  I  could  have  a  test  of  a  similar  kind.  Such  a  matter  is,  therefore,  one  of 
our  problems  to  be  considered  at  this  conference.  This  conference  should,  there- 
fore, prove  of  great  value  to  all  nations.  I  congratulate  again  the  Bureau  of  Mines, 
and  we  all  feel  very  grateful  for  the  opportunities  presented  through  its  invitation. 

REMARKS  BY  MR.  BEYLING. 

Mr.  Beyling,  of  Dortmund,  Germany,  was  introduced.  He  asked 
to  be  permitted  to  speak  in  German.  His  remarks  as  translated  were 
as  follows: 

We  appreciate  very  much  the  calling  together  of  the  international  conference  for 
the  purpose  of  trying  to  settle  some  mining  problems,  and,  as  Mr.  Watteyne  has 
stated,  there  are  very  difficult  problems,  and  we  can  do  only  our  best.  We  have 
nothing  to  add  to  what  Mr.  Watteyne  has  stated  and  his  general  suggestions  as  to  the 
conduct  of  the  conference. 

ADDRESS  BY  DR.   CZAPLINSKI. 

Dr.  Czaplinski,  of  Austria-Hungary  was  then  introduced,  and  also 
addressed  the  conference  in  German.  A  translation  of  his  address 
follows: 

The  Austrian  Government  accepted  very  gladly  the  invitation  to  attend  this  con- 
ference, because  of  the  disagreement  that  has  arisen  heretofore  between  the  various 
mining  testing  stations,  and  it  is  high  time  that  we  come  together  and  try  to  unify 
our  methods. 

In  Austria  we  deal  mainly  with  three  problems.  The  first  problem  is  that  of  mine 
gisefl,  the  handling  of  which  we  solved  in  Austria  during  1890  to  1898;  we  have  ad- 
\'anced  so  far  in  de\dfling  and  applying  safety  measures  that  we  have  had  no  accidents 
of  any  importance  from  this  cause  during  the  past  15  years  in  Austria,  although  some 
of  the  coal  mines  of  Austria  give  off  the  greatest  volumes  of  methane  of  all  the  mines 
in  the  world. 

The  second  im>blem  is  that  of  explosives.  Without  explosives,  of  course,  little  work 
can  be  done  in  mines.  The  problem  is,  therefore,  to  procure  explosives  that,  within 
certain  limits,  are  safe  to  ignite  in  the  presence  of  gas  or  coal  dust.  This  problem  we 
have  not  as  yet  solved-^    We  have  two  testing  stations  now  and  a  third  is  now  being 

•  In  Austria,  blasting  with  dynamite  is  prohibited  in  mining  coal.  For  this  work  safety  explosives  have 
to  be  used,  one  of  which  is  mainly  an  ammonia-^dtpeter  compound  (Oasdynammon),  the  other  an  ammo* 
Bla  gelatin  oompound  (Pannonit). 
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erected  in  Bohemia;  these  will  art  together  in  investigating  the  question  of  safe  explo- 
Bives. 

The  third  problem  is  that  of  coal  dust.  Because  of  the  disaster  at  Couiri^res  this 
problem  has  been  called  to  our  attention  more  forcibly. 

In  my  district  near  Segen-Gottes,  in  the  mines  of  the  Russifz  Mining  Co.,  I  have 
erected  a  large  station  for  the  experiments  on  coal  dust;  I  have  also  published  a  report 
that  is  probably  familiar  to  you.  We  have  found  means  of  preventing  coal-dust  ex- 
ploflionSy  tfnd  have  been  working  along  the  same  lines  as  the  experimental  station  at 
Li^vin.  I  am  corresponding  with  Mr.  Ta£fanel  and  exchanging  my  publications  with 
him,  and  I  am  very  sorry  he  is  not  present.  Lately  Mr.  Bey  ling's  experiments  on 
coal  dust  simulated  my  own.  I  have  also  investigated  the  results  in  England,  which 
differ  greatly  from  ours. 

I  welcome,  therefore,  the  international  conference  because  its  object  will  be  to 
reach  an  agreement.  In  Austria  we  have  three  stations,  and  we  have  established  a 
basis  BO  they  will  be  able  to  work  together  along  parallel  lines.  I  will  take  pleasure 
later  in  describing  the  basis  for  the  work  of  the  three  stations. 

AIXDRESS  BY  WIMJAM  O'CONNOR. 

The  chairman  then  introduced  Mr.  William  O'Connor,  of  South 
Wales,  who  had  been  invited  to  attend  the  meetings  as  an  unofficial 
delegate.    Mr.  O'Connor  spoke  as  follows: 

I  am  scarcely  prepared  to  take  part  in  the  discussion.  I  might  say  that  in  England 
experiments  have  been  carried  on  by  our  mine  officials  at  Altofts  under  the  direction 
of  Mr.  W.  E.  Garforth,  and  the  results  have  been  considered  so  important  that  after  a 
little  agitation  the  Government  has  taken  up  the  question  of  erecting  a  special  testing 
station.  One  of  the  difficulties  in  experimenting  on  the  scale  on  which  the  experi- 
ments were  carried  on  at  Altofts  was  that  for  some  miles  around  the  explosion  broke 
all  the  windows,  frightened  a  great  many  people,  and  had  a  very  unpleasant  effect 
on  those  in  the  vicinity,  and  I  think  it  was  particularly  on  that  account  that  the  new 
location  was  decided  upon. 

The  new  station  will  be  erected  in  close  proximity  to  Messrs.  Vickers'  testuig  works. 
Any  explosion  effects  will  be  little  noticed  because  of  the  laige  number  of  explosion 
tests  which  are  carried  on  by  Vickers  without  difficulty,  owing  to  the  isolation  of  the 
site.  There  are  no  habitations  within  a  considerable  distance,  so  that  no  one  will 
be  affected  by  them.  I  do  not  think  that  any  experiments  have  been  conducted  on 
the  new  site,  but  I  think  the  gallery  will  be  about  800  feet  long  and  about  7i  feet  in 
diameter.  I  have  not  the  exact  dimensions  with  me,  and  must  give  them  from 
memory.  In  addition  there  will  be  smaller  galleries.  In  the  main  gallery  it  is  hoped 
to  carry  experiments  a  step  farther  than  at  Altofts.  I  may  say  that  the  results  attained 
at  Altofts  have  convinced  all  of  the  serious  dangers  from  coal  dust. 

One  of  our  most  serious  dangers  in  r^ard  to  coal  dust  is  that  of  ignition,  and  we 
consider  as  our  two  principal  sources  of  ignition  the  igniting  of  small  quantities  of 
fire  damp  and  the  use  of  explosives.  We  have  a  number  of  instances  in  which  ignition 
took  place  in  mines  long  abandoned,  but  as  there  was  no  loss  of  life  we  dismissed 
this  phase  of  the  matter  as  not  very  important.  In  regard  to  the  ignition  of  small 
quantities  of  fire  damp  in  such  a  way  as  to  create  explosions,  a  new  act  came  in  force 
in  July  which  lays  down  very  stringent  regulations  as  to  the  percentage  of  gas  that 
may  be  allowed  in  mine  air.  In  some  mines  the  use  of  explosives  is  prohibited 
altogether.  About  half  of  the  coal  produced  is  now  brought  down  without  a  single 
shot.  In  regard  to  palliative  measures  relative  to  coal  dust,  under  the  new  act  there 
is  a  special  officer  appointed  to  see  that  such  measures  are  taken.  We  hope  that  they 
will  have  some  good  effect  on  the  death  rate  caused  by  coal-dust  explosions. 
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formaIj  opening  of  first  meeting. 

At  the  conclusion  of  the  remarks  of  Mr.  O'Connor,  the  temporary 
chairman  stated  that  it  was  understood  at  the  preliminary  conference 
that  the  chairman  of  each  meeting  should  be  one  of  the  foreign 
delegates,  and  that  each  would  serve  in  turn  in  the  alphabetical  order 
of  their  respective  countries,  but  that  for  the  first  day's  meeting  it 
had  been  informally  suggested  by  some  of  the  foreign  delegates 
that,  as  they  were  not  quite  familiar  with  the  situation,  it  might  be 
best  to  call  upon  Prof.  Munroe  to  preside  as  the  chairman.  This 
suggestion  was  formally  adopted  by  the  conference,  and  Prof.  Munroe 
took  the  chair.  He  expressed  his  pleasure  at  the  honor  of  presiding 
and  then  stated  that  it  appeared  advisable  to  elect  a  secretary  who 
should  remain  in  office  throughout  the  conference  and  keep  the 
records  of  the  meetings.  The  conference  thereupon  elected  Mr.  Rice 
as  secretary. 

The  chairman  (Prof.  Munroe)  announced  that  a  series  of  papers 
prepared  by  members  of  the  staff  of  the  Bureau  of  Mines,  presenting 
various  matters  for  the  consideration  of  the  conference  would,  with 
the  consent  of  the  delegates,  be  read.  Accordingly,  he  called  upon 
Mr.  Rice  to  present  his  paper  "on  The  Methods  Employed  by  the 
Bureau  of  Mines  in  Investigating  Coal  Dust  or  Gas." 

After  the  paper  had  been  read,  the  meeting  adjourned  to  witness 
a  coal-dust  explosion  test  at  the  experimental  mine  near  Bruceton. 
The  explosion  or  inflammation,  the  details  of  which  (No. 17)  are  given 
on  pages  44  and  45,  was  small,  the  flame  traveling  outward  only  100 
feet  and  inward  50  feet. 

The  smallness  of  the  explosion  was  a  surprise,  as  two  days  pre- 
viously, in  an  experiment  with  similar  loading  and  other  arrange- 
ments, the  explosion  had  been  strong,  flame  extending  175  feet  out- 
side the  opening,  as  described  on  page  44.  The  only  apparent  differ- 
ence in  the  conditions  of  the  two  tests  was  that  the  relative  himoidity 
of  the  outside  air  was  46  per  cent  on  September  12,  the  day  of  test 
16,  whereas  it  was  78  per  cent  (following  a  rain)  on  September  14. 
This  difference  may  have  caused  the  walls  of  the  mine  entry  to  be 
wetter  on  the  latter  date. 

MINUTES  OF  MEETING  OF  MONDAY,  SEPTEMBER  16. 

On  Monday,  September  16,  1912,  the  meeting  of  the  conference 
was  called  to  order  at  9.30  a.  m.,  by  Mr.  Victor  Watteyne,  of  Belgium. 
The  minutes  of  the  meeting  follow: 

Ht.  Wattbtnb.  I  think  that  by  Reason  of  the  efforts  of  the  Bureau  of  Mines  the 
mining-fotality  rate  in  a  few  years  will  be  very  much  lowered.  It  seems  to  me  that 
in  the  papers  presented  at  the  last  meeting  we  had  the  causes  of  the  many  explosions 
in  coal  mines  clearly  indicated.    It  must  be  added  that  the  operators  in  the  coal  mines 
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of  America  are  obliged  by  the  stress  of  circumstances  to  produce  very  much  and  very 
rapidly,  because  they  are  obliged  to  produce  very  cheaply,  and  this  is  indirectly  the 
cause  of  the  bad  conditions,  but  I  think  there  is  nothing  that  we  can  do  to  prevent 
this.  We  must  take  that  into  account  and  direct  the  struggle,  not  against  the  condi- 
tions of  the  coal  business,  but  against  the  consequences  that  result,  for  example,  from. 
the  vast  and  seemingly  unavoidable  use  of  explosives  in  this  country.  AMiat  must 
be  done  is  to  have  the  explosives  used  with  greater  safety.  We  can  not  make  them 
entirely  safe,  but  we  can  make  their  use  much  safer  if  they  are  of  good  quality,  that 
is,  the  permissible  explosives  that  the  Bureau  of  Mines  has  tested  and  has  already 
introduced  extensively  in  the  coal  mines  of  America.  The  precautions  that  are  to 
be  taken  in  using  these  explosives  are  being  considered  by  the  Bureau  of  Mines,  and 
I  know  that  the  special  engineers  of  the  bureau  are  making  the  operators  acquainted 
with  the  best  ways  of  using  explosives.  I  think  it  is  one  of  the  best  things  you  can 
do  for  the  prevention  of  mine  explosions. 

As  to  the  question  of  ''shooting  off  the  solid,"  I  formerly  deemed  that  the  impor- 
tance attributed  to  it  in  America  was  somewhat  exaggerated,  and  I  was  afraid  that  the 
operators  might  be  induced  to  consider  as  dangerous  the  blown-out  shots  only,  and 
to  take  little  csure  of  the  others.  Since,  wo  have  made  at  Frameries  many  experi- 
men'tfl,  which  prove  that  the  blown-out  shotis  are  indisputably  much  more  dangerous 
than  the  others.  But  I  repeat  that  all  kinds  of  shots  must  be  reported  dangerous, 
and  precautions  ought  to  be  taken  against  them,  especially  by  using  exclusively  safety 
explosives,  the  "bourrage  ext^rieur"  ("outside  stemming"),  and  the  like. 

Another  problem  that  has  been  dealt  with  in  the  previous  papers  is  that  of  humidi- 
fying the  mine.  I  say  for  my  colleagues  of  Europe  that  this  problem  presents  itself 
more  acutely  in  America  than  in  Europe.  Generally  speaking,  it  is  much  more  easy 
and  much  more  profitable  in  America  than  in  Europe  to  spray  or  dampen  the  venti- 
lating air  current,  because  the  mines,  as  Mr.  Bice  states,  are  shallow,  the  roof  strata 
are  generally  good,  and  the  conditions  are  favorable  for  humidifying  the  air.  It  is 
evidently  a  good  precaution  against  the  dangers  of  coal  dust,  which  are  very  great 
here.  In  European  coal  mines,  especially  in  Belgium,  the  seams  are  very  thin  and 
many  of  the  operations  are  in  rock.  This  difference  may  explain  why  American  minee 
have  a  tendency  to  have  more  coal  dust  than  European  mines. 

■ 

Consideration  was  next  given  to  the  instruments  used  in  coal-dust 
experiment  galleries,  the  meeting  adjourning  to  Dr.  Clement's  labora^ 
tory. 

Dr.  Clement.  We  have  been  experimenting  with  the  manometer  for  recording 
the  pressure  of  coal-dust  explosions  in  the  mine.  Dr.  W.  O.  Snelling,  formerly  con- 
nected with  the  bureau,  suggested  that  we  could  get  rid  of  the  inertia  of  an  ordinary 
gas-engine  indicator  by  using  some  kind  of  material  whose  electrical  resistance  would 
change  with  the  pressure.  So  we  have  tried  a  great  many  different  materials — metals, 
carbonized  cloth,  and  carbon  disks  of  various  kinds — and  we  finally  decided  on  a 
oarbon  disk.  You,  of  course,  know  that  if  you  apply  pressure  to  a  pile  of  carbon 
disks  the  electrical  resistance  changes.  Now,  if  you  can  find  out  and  define  the  rela- 
tion between  resistance  and  pressure,  then  if  you  measure  the  variations  of  the  resist- 
ance, in  that  way  you  can  determine  the  pressures.  We  have  not  perfected  this  ma- 
chine yet;  we  are  still  making  some  experiments  with  the  oscillograph  to  meaauiB 
the  pressures. 

Demonstrations  and  explanations  of  the  apparatus  (described  in 
Dr.  Clement's  paper,  p.  41)  were  then  given  in  the  physics  laboratory 
of  the  experiment  station. 
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At  this  point  the  chairman  read  a  letter  from  the  Secretary  of  State 
for  the  Home  OflGice  of  Great  Britain,  stating  that  Sir  Edward  Grey 
regretted  that  His  Majesty's  Government  found  it  impossible  to  be 
represented  at  the  conference. 

The  conference  next  adjourned  to  the  gas  laboratory,  where  Mr. 
BurreU  demonstrated  and  explained  methods  and  apparatus  for  gas 
analysis. 

The  conference  returned  to  the  library,  where  a  demonstration  was 
made  of  a  new  instrument  designed  by  members  of  the  bureau  for 
the  purpose  of  taking  automatically  three  gas  samples  in  rapid  suc- 
cession. 

Dr.  Clement  then  described  a  number  of  curves  showing  the  results 
obtained  with  laboratory  apparatus  for  testing  the  inflammabiUty 
of  coal  dust. 

The  conference  adjourned  for  limch,  later  going  to  the  experimental 
mine,  near  Bruceton,  to  witness  a  second  coal-dust  experiment  (No. 
IS,  described  on  p.  45).  In  this  test  ignition  was  made  at  the  face  of 
the  right-hand  stub  to  determine  whether  an  explosion  would  go 
inby  the  main  entry,  as  well  as  outby.  The  explosion  did  go  inby, 
although  the  explosion  was  not  violent. 

EXCUKSION  OF  SEPTEMBER  17. 

On  Tuesday,  September  17,  1912,  the  members  of  the  conference 
took  part  in  a  Monongahela  River  excursion  with  the  delegates  to 
the  International  Congress  of  Applied  Chemistry,  visiting  the  Clairton 
plant  of  the  Carnegie  Steel  Works,  and  in  the  evening  attended  an 
entertainment  given  in  honor  of  the  congress. 

MINUTES  OF  MEETING  OF  WEDNESDAY,  SEPTEMBER  18, 

The  meeting  of  Wednesday,  September  18,  was  called  to  order  by 
Mr.  Carl  BeyUng,  of  Germany.  The  chairman  presented  for  discus- 
sion the  subject  of  explosives. 

Dr.  CzAFLiNSKi.  The  results  in  Austria  in  the  testing  of  explosives  have  varied, 
owing  to  lack  of  uniformity  in  methods,  and  for  this  reason  we  have  arrived  at  a 
common  basis  for  investigations  at  all  of  our  stations.  Explosives  have  been  inves- 
tigated most  extensively  by  the  army  department.  My  investigations  have  been 
in  the  development  of  so-called  ''safety  explosives/'  as  they  are  the  only  ones  allowed 
in  our  mines.  Such  explosives  are  safe  <mly  up  to  a  certain  point,  and  the  main 
object  in  testing  them  is  to  determine  the  proper  safety  limit.  We  test  our  explosives 
under  the  most  dangerous  conditions;  that  is,  under  such  conditions  as  are  most  favor- 
able to  Ignition  of  gas  and  coal  dust. 

Second,  we  test  our  explosives  under  exactly  the  same  conditions,  so  as  to  have  a 
uniform  basis  and  thus  enable  us  to  compare  the  safety  of  the  various  explosives. 

Our  method  differs  entirely  from  the  method  used  in  England,  France,  or  Belgium. 
In  England,  for  instance,  a  small  charge  is  used  in  a  cannon  with  tamping;  in  France 
the  ignition  temperature  is  determined;  in  Belgium  the  chaige  is  fired  in  a  cannon 
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without  tamping;  in  Austria  we  fire  the  explosive  without  stemming,  the  effect  being 
that  of  a  suspended  shot,  because  in  this  way  we  get  identical  conditions  for  all  our 
tests.  The  explosives  rest  freely  on  steel  plates  and  stand  vertically.  On  the  steel 
pkte  we  place  two  lead  cylinders  or  blocks  on  which  the  explosive  is  placed  in  a  parch- 
ment wrapper.  The  diameter  of  each  explosive  is  40  mm.  The  explosive  is  fired  by 
an  electric  detonator.  In  the  test  the  charge  starts  with  50  grams,  being  increased 
by  50  grams  in  each  successive  test  up  to  the  limit.  The  cap  is  either  1  or  2  grams, 
according  to  the  explosive.  The  lead  blocks  show  whether  the  entire  explosive 
detonates.  The  tests  are  the  same  for  all  explosives.  We  formerly  used  a  cannon, 
but  as  the  size  of  the  bore  hole  changes  after  each  shot,  we  did  not  have  the  same  con- 
ditions in  all  tests.  Neither  does  a  cannon  simulate  the  real  conditions  in  a  mine. 
In  a  mine  the  shot  is  made  in  the  coal,  and  it  has  to  perform  some  work,  whereas  in 
a  cannon  it  does  not  perform  any  work.  In  the  explosion  chamber  we  use  either  gas 
or  coal  dust,  or  both.  Through  these  shots  we  determine  the  safety  limits  of  the 
explosives. 

We  also  test  each  explosive  in  bomb  cylinders  (Bichel  gages)  according  to  the 
method  adopted  in  Berlin.  Each  explosive  must  show  certain  results;  otherwise  it 
can  not  be  used  in  a  mine. 

Third,  this  method  of  testing  on  the  lead  blocks  shows  whether  there  is  complete 
detonation.  Those  explosives  showing  incomplete  detonation,  by  leaving  a  residue, 
are  excluded  from  fiirther  tests  because  they  are  dangerous. 

We  also  meastu'e  the  detonation  temperature.  An  explosive  that  gives  a  tempera- 
ture of  over  1,500^  C.  is  excluded. 

A  hole  is  made  in  the  ground  and  a  cylinder  made  of  sheet  iron  is  placed  in  it.  The 
cylinder  rests  on  two  lead  blocks,  and  the  latter  rest  on  a  steel  plate.  The  whole  thing 
10  Burrounded  by  clay.  We  put  200  grams  of  the  explosive  in  the  hollow  sheet-iron 
cylinder;  a  cap  is  placed  on  the  top.  We  discharge  the  shot  and  photograph  the  flame. 
The  flame  must  be  short  and  dark.    If  the  flame  is  too  long  the  explosive  is  excluded. 

After  the  explosive  has  stood  all  of  these  tests,  it  is  tested  on  a  small  scale  in  the 
mine  under  strict  supervision,  and  the  gases  resulting  from  an  explosion  are  analyzed. 
If  the  explosive  stands  the  small-scale  test,  then  it  is  applied  on  a  laige  scale,  and  the 
combustion  gases  are  analyzed,  and  if  it  succeeds  on  a  large  scale  it  is  declared  a  safe 
explosive.  It  must  not  produce  any  monoxide.  The  manufactmrer'is  obliged  to 
make  his  explosives  exactly  the  same  as  the  one  tested.  If  he  furnishes  more  than 
one  kind  of  explosive  each  kind  is  tested  in  exactly  the  same  manner. 

Mr.  Betling.  The  main  difference  between  the  tests  in  Austria  and  those  in  other 
countries  is  that  in  Austria  the  chazge  stands  upright,  and  in  other  countries  it  is 
shot  in  a  cannon.  I  myself  do  not  think  that  the  Austrian  method  is  the  proper  one. 
First  of  all,  the  conditions  for  ignition  are  not  as  favorable  as  when  the  chaige  is  con- 
fined. In  the  second  place,  with  an  unconfined  charge  it  is  impossible  to  ignite  coal 
dust.  I  do  not  think  that  the  test  of  coal  dust  can  be  carried  but  with  a  free  charge 
standing  upright  and  unconfined.  Third,  I  consider  the  conditions  in  a  cannon  as 
more  in  correspondence  with  the  conditions  in  our  coed  mines. 

Mr.  OzaplinsM  has  stated  that  in  a  cannon  the  explosive  does  not  perform  any 
work;  we  know  that  the  most  dangerous  shots  are  exactly  those  that  do  not  perform 
any  work  in  the  coal,  that  is,  the  blown-out  shots,  exactly  like  those  in  the  cannon. 

The  objection  of  Mr.  Czaplinski  as  to  increase  in  size  of  tlie  bore  hole  I  do  not  think 
80  important.  Of  course,  if  it  has  changed  its  shape  entirely  it  must  be  used  no 
longer.  There  is  another  point  in  favor  of  shooting  from  a  cannon.  We  do  not  know 
yet  what  causes  the  explosion,  whether  it  is  the  fiame,  or  the  after  damp,  or  the  duration 
of  the  detonation,  but  I  do  not  doubt  that  the  composition  of  the  detonation  gases  has 
considerable  influence  on  the  result — whether  the  explosive  will  cause  an  explosion 
or  not.  Natiurally  these  detonation  gases  will  differ  according  as  to  whether  the 
charge  detonates  when  it  is  free  or  when  in  a  cannon.    It  is  probable  that  we  will 


PUBP08E  OF  CONFEEENCB MINUTES  OF  SESSIONS.  17 

obtain  the  same  gases  if  fired  from  a  cannon  aa  when  fired  in  bore  holes  in  a  mine.  I 
Tould  consider  it  desirable  to  reach  some  uniform  method  of  testing  explosives. 

Kr.  Wattetne.  In  Frameries  the  methods  of  mining,  the  chaige  of  explosives,  and 
the  relative  safety  of  explosives  are  almost  identically  the  same  as  in  Germany,  and 
the  reasons  put  forth  by  Mr.  Beyling  in  order  to  justify  his  methods  are  the  ones 
^t  guided  us  in  Frameries.  I  thoroughly  agree  with  the  views  expressed  by  Mr. 
Beyling.  The  importance  of  blown-out  shots  is  very  great;  the  difference  in  the 
safety  of  explosives  when  doing  work  and  when  they  do  not  do  any  work  is  exceedingly 
great.  It  is  an  additional  reason  for  preserving  the  method  of  using  a  rigid  cannon, 
in  which  no  work  is  done  by  the  explosive.    The  cannon  gives  rather  severe  conditions. 

On  studying  at  Frameries  the  '^bourrage  ext^rieur,''  that  is,  an  accumulation  of 
stone  dust  at  the  mouth  of  the  shot  hole,  we  have  been  led  to  make  some  experiments 
under  quite  the  same  conditions  as  are  found  in  coal  mines  and,  for  that  purpose  we 
have  b^:un  an  undeiground  gallery  in  a  forest  (Bois  de  Colfontaine)  not  far  from 
Frameries.  That  forest  is  over  the  coal  measures,  so  that  in  tunneling  we  have  the 
same  rocks  as  encountered  in  coal  mining.  The  gallery  is  a  rock  drift.  It  is  to  be 
noted  that,  unlike  ui  America,  Austria,  and  often  in  Germany,  where  they  shoot 
principally  in  coal,  in  Belgium  the  undeiground  galleries  are  frequently  in  rock. 
Shooting  in  coal  is  not  permitted. 

At  this  point  the  discussion  was  adjourned  for  lunch.  Following 
lunch  the  members  of  the  conference  again  visited  the  experimental 
mine  at  Bruceton  to  see  the  third  experiment  (test  19;  see  p.  45). 
The  igniting  charge  in  a  cannon  was  at  the  face  of  the  main  entry. 
Only  a  limited  inflammation  occurred,  owing  probably  to  the  damp 
condition  of  the  mine.  The  relative  humidity  of  the  mine  air  was 
95  to  97  per  cent,  there  were  pools  of  water  standing  in  a  side  ditoh 
along  the  entry,  and  the  waUs  were  damp. 

MINUTES   OF  MEETING  OF  THURSDAY,  SEPTEMBER  19. 

At  the  meeting  of  Thursday,  September  19,  Dr.  Julian  Czaplinski, 
of  Austria-Hungary,  was  in  the  chair  and  announced  a  continuance 
of  the  discussion  on  explosives,  which  is  recorded  below. 

Ifr.  Claakncb  Hall.  Before  reading  my  paper  I  want  to  say  a  few  words  relative 
tt>  teeting  explosives  in  a  cannon  and  relative  to  suspended  shots.  It  is  my  opinion 
that  shots  fired  from  a  cannon  more  nearly  approach  Uie  natural  conditions  than  when 
tests  are  made  with  the  explosive  suspended.  When  testing  explosives  in  a  cannon 
we  experience  no  difficulty  in  getting  proper  results  provided  we  adjust  the  cannon 
after  it  has  been  used  a  certain  number  of  shots.  When  the  drill  hole  reaches  3  inches 
in  diamet^  we  put  in  asbestos  rope  or  fire  clay  and  bring  the  chaige  forward.  We 
find  that  the  length  of  the  bore  hole  is  not  a  factor  in  determining  the  safety  of  explo- 
sives. In  other  words,  if  the  bore  hole  of  the  cannon  is  21  inches  long  or  17  indies 
long  it  does  not  make  any  difference  in  the  results.  When  the  shots  sure  fired  without 
stemming,  the  rate  of  detonation  is  apt  to  be  less  than  when  confined. 

Mr.  Hall  then  presented  his  paper  (see  pp.  81-92).  He  also 
showed  a  number  of  charts  giving  results  of  tests  of  certaiu  unnamed 
foreign  explosives,  the  composition  being  given. 

Hr.  Wattetne.  The  reason  we  have  selected  coal  dust  with  about  22  to  25  per  cent 
volatile  matter  for  our  standard  in  testing  explosives  is  that  the  mines  that  contain 
such  coal  dust  are  the  most  dangerous,  being  the  most  dusty  in  Belgium.    The  dust 
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made  from  coal  with  higher  percentages  of  volatile  matter  is  indeed  more  inflammable 
but,  generally  speaking,  the  mines  where  such  coals  are  mined  are,  in  Belgium,  much 
less  dusty  and,  therefore,  the  danger  of  coal-dust  explosions  is  not  very  great. 

Mr.  O'Connor.  We  have  found  that  where  the  volatile  matter  is  lower,  the  coal 
dust  is  more  explosive  than  with  high  volatile  matter. 

Dr.  Betllno.  The  same  conditions  have  been  found  in  Germany.  Although,  in 
general,  coal  dust  must  be  more  dangerous  the  more  gas  it  contains,  our  so-called 
''gas  coal,"  which  contains  50  per  cent  of  gas,  is  hard,  and  does  not  yield  much  dust; 
moreover,  the  gas  of  the  gas  cosils  reqxdres  a  higher  temperature  for  liberation  than  the 
gas  of  a  ''fat''  coal.  The  "fat"  coal  has  only  20  to  30  per  cent  of  gas,  but  the  gas 
escapes  at  a  lower  temperature,  and  at  100^  to  200^  G.  we  can  get  much  of  this  gas  out. 
For  this  reason  coal-dust  explosions  have  taken  place  in  the  mines  producing  such 
lower  volatile  coals. 

Dr.  CzAPLiNBKi.  We  find  the  same  conditions  in  Austria.  The  explosions  depend 
upon  the  gas  content,  and  have  more  often  occurred  in  the  same  kind  of  coal,  contain- 
ing 26  per  cent  of  volatile  matter.  In  the  case  of  fresh  coal  there  is  more  liability  of 
explosions  than  when  the  coal  has  been  exposed  several  days,  as  it  then  loses  a  great 
deal  of  its  volatile  content.  We  also  found  that  ammonium  nitrate  explosives  must 
be  used  when  in  a  fresh  condition,  as  they  readily  absorb  water,  and  either  detonate 
partly  or  not  at  all.  We  always  have  to  protect  them  against  moisture.  We  also 
found  that  the  density  of  the  explosive  is  of  great  importance.  The  ammonium 
nitrates  used  must  have  a  specific  gravity  of  0.8  to  0.9.  If  used  with  density  of  1 
there  is  no  detonation.  By  changing  the  density  we  change  the  explosibility.  I 
recognize  the  Importance  of  making  experiments  with  the  cannon,  and  will  try  to 
make  another  series  of  experiments  with  the  cannon.  I  have  not,  however,  been 
convinced  by  the  objections  brought  against  the  methods  of  using  free  shots.  I  have 
always  found  that  free  shots  cause  coal  dust  to  explode. 

Mr.  Hall.  It  is  proposed  that  the  United  States  Bureau  of  Mines  shall  have  a  new 
requirement  limiting  the  age  of  an  explosive,  as  it  becomes  insensitive  after,  say, 
4  months,  when  it  should  be  taken  off  the  "permissible  list."  I  would  like  to  ask 
the  views  of  the  conference  on  this  matter. 

Dr.  CzAPLiNSKi.  We  have  experienced  no  such  difficulties  in  Austria  for  the  reason 
that  we  do  not  have  to  transport  explosives  such  long  distances  from  the  factory  to 
the  mines  as  you  have  to  in  the  United  States. 

Mr.  O'Connor.  Whenever  we  have  the  least  cause  to  suspect  anything  not  up  to 
the  standard  in  any  explosives  in  Great  Britain,  we  prohibit  their  use  altogether  and 
send  them  back  to  the  manufacturer.  We  find  a  great  deal  of  difference  in  the  time 
an  explosive  will  remain  unaltered  in  strength,  according  to  the  time  of  year. 

Dr.  Betlino.  The  question  raised  by  Mr.  Hall  relates  to  the  desirability  of  estab- 
lishing a  test  for  explosives  so  as  to  find  out  after  a  certain  length  of  time  whether 
they  will  still  detonate.  Then  if  they  do  not  come  up  to  this  requirement  they  are 
to  be  taken  off  the  permissible  list.  We  have  no  such  requirement.  It  is  very 
difficult  to  arrive  at  conclusions  in  this  respect.  The  first  consideration  is  the  con- 
ditions under  which  the  explosives  change,  and  when  they  do  not  detonate  properly. 
In  Germany  the  explosive  must  be  stored  in  such  a  way  that  it  will  not  absorb  moiBtuie. 
The  factories  are  in  the  neighborhood  of  the  mines,  and  require  less  transportation 
than  in  this  country. 

Dr.  OzAPLENSKi.  I  agree  with  Dr.  Beyling  in  every  respect.  The  same  conditions 
prevail  in  Austria  as  in  Germany.  We  have  very  strict  regulations  as  to  the  packing 
of  explosives.  Explosives  that  absorb  moisture  must  be  packed  four  times,  and  the 
packing  soaked  in  liquid  paraffin  or  wax,  and  if  stored  underground  they  must  be 
stored  in  a  dry  magazine. 

Mr.  Hall.  May  I  ask  the  views  of  the  conference  regarding  restrictions  in  the  pro- 
duction of  carbon  monoxide  from  explosives? 
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Dr.  CzAPUNSKi.  The  reBtiiction  in  our  country  is  that  the  explosive  on  detonation 
nnut  not  produce  any  carbon  monoxide  gas;  otherwise  it  is  rejected. 

Mr.  RiCB.  Is  the  determination  of  GO  made  from  samples  gathered  from  the  detona- 
tioii  of  the  explosive  in  a  Bichel  gage,  or  from  samples  gathered  in  the  mine  after  a 
shot  has  been  fired? 

Dr.  CzAPUNBKi.  In  a  mine. 

Dr.  BsTUNO.  There  are  no  restrictions  as  to  the  production  of  monoxide  in  Ger- 
mny.  The  miners  must  not  go  back  to  their  places  for  at  least  10  minutes  after  a 
flhot  has  been  fired.  We  have  tried  to  determine  the  CO  in  the  afterdamp.  We  have 
never  found  large  quantities,  although  we  know  that  we  produce  large  quantities  at 
times.  It  becomes  so  quickly  mixed  with  the  air  that  we  can  not  determine  the 
amount. 

Mr.  Wattbtnk.  In  Belgiimi  there  is  no  special  regulation  about  the  gas  or  products 
of  explosives.  We  have  had  no  special  inconvenience  along  this  line.  Our  mines 
are  well  ventilated,  especially  at  the  points  where  explosives  are  used,  though  we 
have  more  narrow  places  on  account  of  the  thin  seams  than  in  other  coimtries. 

Mr.  O'Connor.  We  have  found  carbon  monoxide  producea  by  the  use  of  carbonite. 
It  has  a  cimiulative  effect  on  mea,  and  therefore  the  use  of  carbonite  is  to  some  extent 
restricted.  We  have  no  regulations  regarding  production  of  gases  from  explosives, 
hat  we  do  not  use  carbonite  in  places  where  there  is  any  danger  of  affecting  the 
health  of  men. 

Mr.  RiCB.  The  production  of  deleterious  gases  is  a  matter  of  great  importance  in 
America  on  account  of  the  almost  universal  use  of  the  room-and-pillar  method  of 
mining.  Very  often  the  ventilation  up  to  the  face  of  a  room  or  heading  is  not  perfect. 
The  faces  of  rooms  or  entries  may  be  100  feet  beyond  where  the  air  current  is  moving, 
and  tbA  miners  tend  to  go  back  too  quickly  to  the  ^e. 

Dr.  CzAPLiNSKi.  The  conditions  in  Austria  are  the  same  as  Beyling  has  described 
in  Germany.  Several  shots  are  fired  at  the  same  time.  The  men  do  not  return  for  5 
or  10  minutes.  We  have  never  had  any  trouble  from  poisonous  gases.  The  ventila- 
tion is  good  in  the  working  places. 

Dr.  B  BTUNG.  If  you  fire  a  shot  in  the  coal  you  may  get  carbon  monoxide  which  does 
not  arise  from  the  explosive,  but  from  the  great  heat  to  which  the  coal  is  exposed. 
Twenty  years  ago  before  we  had  any  safety  explosives  we  used  dynamite  in  the  coal. 
This  explosive  does  not  give  off  any  carbon  monoxide,  still  we  had  many  cases  of  CO 
poisoning,  which  always  came  from  the  partial  combustion  of  the  coal. 

Mr.  Hall.  We  have  found  that  carbon  monoxide  is  produced  from  the  coal,  when 
a  shot  is  in  coal,  owing  to  the  heat  of  the  explosive. 

Mr.  O'Connor.  I  would  like  to  propose  that  the  detonators  used  in  all  countries 
should  be  standardized,  and  that  a  number  should  be  placed  on  each  indicating 
the  strength.  We  always  investigate  the  caps,  placing  them  on  lead  plates  4  to  6 
inches  square  for  testing. 

Dr.  CzAPLiNSKi.  Our  blasting  caps  are  all  numbered.  The  numbering  is  based 
on  the  rapidity  of  breaking  through  lead  testing  plates  of  different  thicknesses. 

Dr.  Bbtling.  I  am  in  favor  of  having  a  standard  adopted  in  all  countries.  Have 
you  any  standard  to  propose? 

Mr.  O'CoNNOB.  I  would  propose  that  the  detonators  in  all  countries  be  numbered 
and  that  the  numbers  in  each  country  represent  an  equal  strength  of  detonator. 

Dr.  G2AFLIN8KI.  How  shall  the  strength  be  detennined? 

Mr.  0*CoNNOB.  It  would  be  necessary  to  test  them  on  one  standard.  I  take  it 
that  a  detonator  that  perforates  a  certain  thickness  of  plate  should  have  the  same  num- 
ber in  all  countries.    The  standard  to  be  in  millimeters. 

Dr.  Bbtuno.  In  Germany  we  number  the  caps  from  1  to  10,  representing  definite 
effidency. 
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Mr.  Hall  then  explained  the  system  in  use  in  the  United  States, 
speaking  as  follows : 

The  bureau  is  now  conducting  an  investigation  to  determine  the  relative  strength 
of  detonators  and  electric  detonators  of  different  compositions.  The  direct  method  of 
determination  comprises  tests  to  ascertain  the  mechanical  effect  of  the  detonators; 
the  indirect  method  comprises  tests  to  ascertain  the  mechanical  effect  of  conmiercial 
explosives  with  which  the  detonators  are  iised.  The  direct  method,  which  includes 
the  tests  on  lead  and  iron  plates  and  on  small  lead  blocks,  and  other  similar  tests, 
offers  the  advantage  of  simplicity,  but  it  is  not  believed  that  the  results  of  these  tests 
show  the  relative  efficiency  of  detonators.  A  new  t^st,  known  as  the  nail  test,  which 
wafl  recently  devised  at  the  Pittsbiu^h  experiment  station,  has  been  found  to  give 
satisfactory  results  in  determining  the  relative  strength  of  detonators.  This  test 
depends  on  the  angle  formed  by  a  nail  when  a  detonator  is  fired  in  close  proximity  to 
it.  The  results  of  the  nail  test  approximate  more  closely  those  obtained  by  the  indi- 
rect test  than  do  any  of  the  methods  previously  used  for  the  direct  determination  of 
the  relative  strength  of  detonators. 

The  indirect  method  for  determinii^  the  mechanical  effects  of  explosives,  that  is, 
the  energy  developed  by  the  explosives,  approximates  practical  conditions,  and,  it 
IB  believed,  offers  an  accurate  means  for  determining  the  relative  efficiency  of  detona- 
tors. The  results  of  tests  show  that  when  high  explosives  that  are  not  too  sensitive 
are  used,  the  energy  developed  increases  with  the  grade  of  the  detonator.  For  ex- 
ample, the  average  efficiency  of  four  different  explosives  was  increased  10.4  per  cent 
when  a  No.  6  detonator  was  used  instead  of  a  No.  4.  Furthermore,  the  average  pei^ 
centage  of  failures  of  explosives  to  detonate  was  increased  more  than  20  per  cent  by 
using  lower  grades  of  detonators  instead  of  No.  6.  It  is  noteworthy,  however,  that 
when  sensitive  explosives,  such  as  the  higher  grades  of  nitroglycerin  dynamiter, 
were  tested  under  conditions  ideal  for  detonation,  the  same  energy  was  developed 
irrespective  of  the  detonator  used. 

PEBMANSNT  OBaANIZATION. 

At  this  point  the  chairman  announced  that  the  technical  discus- 
sion would  be  interrupted  to  allow  consideration  of  plans  for  a 
permanent  organization. 

Mr.  Watteyne.  At  an  informal  meeting  in  New  York,  with  Director  Holmes  and 
Messrs.  Taffanel  and  Beyling,  we  agreed  on  certain  features  that  should  be  adopted  in 
a  permanent  organization.  I  believe  that  the  proposition  should  be  made  by  the  rep- 
resentatives of  the  United  States,  through  the  proper  diplomatic  channels. 

Mr.  Rice.  It  is  suggested  that  the  organization  be  made  permanent;  that  meetings  be 
held  at  certain  intervals;  that  between  the  time  of  meetings  communication  be  main- 
tained between  the  representatives  of  the  different  testing  stations  in  order  to  obtain 
prompt  information  as  to  the  nature  and  results  of  tests  that  are  being  carried  on;  that 
so  far  as  possible  there  shall  be  a  uniformity  or  standardization  of  tests.  I  do  not  mean 
that  all  shall  be  alike,  but  that  some  method  of  standardization  be  agreed  upon;  that 
we  shall  interchange  samples  of  explosives,  coal  dust,  and  other  material  that  enter  into 
the  tests,  so  that  we  can  try  them  in  different  kinds  of  apparatus,  and  thus  be  able  to 
compare  the  results  obtained  at  the  different  stations.  It  would  be  desirable  that  we 
select  as  chairman  a  representative  from  the  country  in  which  the  next  meeting  will  be 
held,  and  that  the  secretary  be  selected  from  the  same  country,  in  order  to  expedite 
the  arrangements. 

Mr.  Watteyne.  It  seems  to  me  that  the  Bureau  of  Mines  should  send  officially  to 
each  government  an  outline  of  the  project;  this  would  be  referred  through  the  official 
channels  to  the  testing  stations. 
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I>r.  CSAFLIK8KI.  I  am  afraid  the  use  of  diplomatic  channelfl  would  take  too  long  a 
time,  perhaps  ten  years. 

Mr.  Wattbtne.  It  should  not  take  ten  weeks.  The  zepresentatiyes  must  be 
appointed  by  their  respective  governments.  It  is  a  question  of  form,  but  that  form 
must  be  insisted  on.  The  purpose  of  the  committee  must  not  be  exaggerated.  If  it  is 
exa^ygemtedy  you  will  find  many  objections.  It  must  be  understood  that  each  testing 
station  has  to  preserve  its  entire  initiative  and  liberty  of  working  for  the  best.  Some 
points  that  have  been  Investigated  by  the  different  countries  are  still  in  question  and 
ought  to  be  decided  for  the  good  of  humanity.  Certain  testing  stations  are  better 
equipped  to  make  certain  tests,  which  others  could  not  make  at  all,  and  such  teMB 
Tin  be  arranged  by  the  permanent  committee. 

Dr.  Betlinq.  I  agree  absolutely  with  Mr.  Watteyne  that  the  United  States  Govern- 
ment or  the  Bureau  of  Mines  should  write  out  the  project  and  submit  it  to  the  other 
gOTemments.  I  myself  do  not  have  the  authority  to  decide  matters  for  our  Govern- 
ment. I  can  not  say  whether  they  want  to  participate  in  such  an  arrangement,  but 
hope  they  do.     I  am  convinced  that  they  will.    It  must  be  done  in  an  official  way. 

Mr.  Wattetne.  I  do  not  understand  that  the  requirements  are  that  the  different 
governments  should  be  represented  by  only  one  person.  There  might  be  several. 
Each  testing  station  might  desire  to  be  represented. 

Dr.  CzAPLiNSKi.  I  was  appointed  by  the  department  of  public  works  as  representa- 
tive of  the  experiment  station  of  Austria,  and  can  not  take  any  responsibility  as  to  what 
the  Government  might  desire.  We  have  two  stations  and  the  third  is  being  prepared. 
The  two  are  private,  and  the  new  one  will  be  governmental.  The  one  in  my  district  is  a 
private  rtation.  I  can  not  tell  what  the  Government  will  do,  but  will  try  to  influence 
it  to  adopt  the  requirements  that  we  shall  recommend,  and  try  to  see  that  the  require- 
ments are  imposed  on  all  the  stations.  I  agree  entirely  with  Mr.  Watteyne' s  proposal 
that  this  project  should  come  in  an  official  way,  addressed  to  the  Government. 

Mr.  Watteyne.  I  think  we  should  agree  as  to  the  details,  but  that  this  should  not  be 
coomiunicated  to  the  Governments,  because  it  might  cause  complications.  W^e  should 
give  them  merely  the  principal  objects  of  the  organization. 

Mr.  O'CoNNOB,  *  after  giving  a  historical  review  of  the  stations  of 
Great  Britain,  including  the  establishment  of  an  official  station^ 
at  EskmealSy  stated  that  he  thought  the  project  a  most  desirable 
thing,  and  thought  that  the  British  Government  would  be  perfectly 
willing  to  participate. 

The  meeting  then  adjourned  for  luncheon,  with  the  staff  of  the 
bureau. 

DEMON8TBATION  OF  MINING  BQtTIPMENT. 

After  luncheon,  James  W.  Paul,  mining  engineer  of  the  bureau,  in 
charge  of  the  bureau's  mine-rescue  operations,  presented  a  paper  on 
breathing  and  other  rescue  apparatus  (see  pp.  61-64),  and  gave  an 
exhibition  of  rescue  apparatus,  safety  lamps,  etc.,  during  which  there 
was  an  informal  discussion  on  the  points  brought  forth  by  the  exhibit. 

H.  H.  Clark,  electrical  engineer  of  the  bureau,  exhibited  various 
pieces  of  electrical  apparatus,  and  demonstrated  certain  tests.  He 
had  prepared  papers,  which  are  presented  on  pages  68  to  75,  but 
were  not  read  as  time  was  not  available. 

a  Altboni^  Mr.  O'Connor  was  not  the  offlcJal  representatiye  of  Great  Britain,  it  was  unanimously  agreed 
that  besboDld  remain  in  tbe  private  aeasion  to  aBsist  in  perfecting  the  plans  fororganiution. 
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Clarence  Hall,  explosives  engineer  of  the  bureau,  exhibited  some 
of  the  apparatus  used  for  testing  explosives.  During  the  demonstra- 
tion further  informal  discussion  took  place. 

The  meeting  then  adjourned. 

FOBBION  017ESTS  AT  BTTBBAV'S  ANKTJAL  DINNER. 

That  evening  (September  19)  the  foreign  delegates  to  the  confer- 
ence attended,  as  guests  of  honor,  the  annual  dinner  of  the  staff  of  the 
Pittsburgh  station  of  the  Bureau  of  Mines,  at  which  the  director  of 
the  Bureau,  Dr.  J.  A.  Holmes,  and  the  assistant  director.  Van.  H. 
Manning,  were  present. 

MINUTES  OF  MEETING  OP  FRIDAT,  SEPTEMBER  20. 

Mr.  WilUam  O'Connor,  as  chairman,  called  to  order  the  meeting  of 
Friday,  September  20.    The  minutes  are  presented  below: 

Mr.  Rice.  As  this  will  be  the  last  formal  sesalon,  I  think  we  had  better  first  con- 
tinue the  diflcuasion  of  permanent  oiganizatlon  in  order  to  be  sure  to  arrange  the 
details.  As  my  collea^e,  Prof.  Charles  £.  Munroe,  has  had  to  return  to  Washington, 
leaving  me  the  only  official  representative  of  this  country,  I  feel  the  need  of  instruc- 
tions from  the  conference  so  that  I  may  be  able  to  report  the  matter  to  administrative 
officials  of  my  Government. 

Dr.  CzAPLiNSKi.  I  propose  that  we  make  two  separate  matters  of  it.  I  propose, 
first,  that  each  experimental  station,  whether  private  or  governmental,  shall  send 
representatives  to  the  meetings.  In  addition  to  this,  I  propose  that  we  shall  have 
from  time  to  time  conferences  to  which  each  station  shall  be  permitted  to  send  a 
representative. 

Mr.  Rice.  If  it  is  in  accord  with  the  idea  of  having  an  interchange  of  information 
between  the  times  of  conferences,  to  whom  should  communications  be  addressed? 

Mr.  Watteyne.  This  was  the  first  point,  that  each  experimental  station  should 
have  a  representative  in  the  organization,  and  to  him  communications  should  be 
addressed. 

Mr.  Rice.  Would  the  communications  go  direct  to  him,  or  through  the  embassies? 

Dr.  CzAFLiNSKi.  The  first  communications  should  go  through  the  governmental 
channels  and  subsequent  one,  no  doubt,  directly  to  the  stations. 

Mr.  Watteyne.  We  can  not  determine  now  details  of  how  communlcationB  should 
be  sent. 

Dr.  Beylino.  At  the  preliminary  meeting  it  was  proposed  to  have  the  next  meeting 
in  England  in  1914,  but  as  England  has  no  official  representative  we  can  not  make 
any  decision  as  to  that  point. 

Mr.  Watteyne.  The  first  point  to  arrange  is  permanent  oiiganization.  The  Govern- 
ment of  the  United  States  has  this  to  do — to  write  a  letter  in  a  diplomatic  way  stating 
the  purpose  and  utility  of  the  proposed  organization,  what  has  been  done  at  this  con- 
ference, and  asking  the  Governments  to  appoint  delegates  to  an  international  con- 
ference. The  Governments  will  take  the  matter  up  with  their  testing  stations  and 
appoint  the  delegate  or  delegates.  The  matter  of  chairmanship  and  secretaryship  is 
a  matter  that  can  not  be  taken  up  until  later. 

Dr.  CzAPUNSKi.  I  agree  thoroughly  with  Mr.  Watteyne.  In  Austria  communica- 
tions should  be  addressed  to  the  minister  of  public  works,  who  will  send  the  commu- 
nications to  a  conmiittee  consisting  of  Gk>vemm6nt  men. 
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Dr.  Betung.  There  are  two  ways  of  treating  this  matter — ^first,  to  call  meetings 
logeCfaer  tfanmgh  diplomatic  channels;  second,  to  have  the  various  experimental  sta- 
tions aznioge  matters  among  themselves.  It  would  be  more  practical  to  adopt  this 
second  way,  as  it  is  much  simpler.  It  goes  without  saying  that  the  various  stations 
in  each  country  should  agree  among  themselves  as  to  the  organization  of  the  general 
coofeience.  If,  however,  the  majority  prefer  that  we  proceed  in  the  diplomatic  way 
I  will  agree  to  it. 

Dr.  CzAPUNSKi.  In  Austria  the  committee  can  not  do  anything  without  asking  the 
Government's  permission.  It  is  advisable,  however,  after  the  Government  shall  have 
given  its  permission  to  this  oiganization  that  all  further  transactions  and  communica- 
tiona  should  go  directly  to  the  station. 

Mr.  O'Connor.  As  our  British  testing  station  has  now  been  turned  over  to  the 
Government  it  will  be  necessary  to  take  the  matter  up  with  the  Government.  Sir 
EdwEid  Grey  is  the  minister  of  foreign  affairs.  He  would  send  the  matter  through 
the  proper  channels. 

Mr.  Rice.  As  to  the  Canadian  cooperation,  should  the  matter  be  taken  up  through 
the  home  office,  or  direct  with  the  Canadian  representatives? 

Mr.  O'Connor.  I  believe  that  the  Canadian  station  is  entirely  independent,  and 
that  ihe  matter  should  be  taken  up  direct  with  the  Canadian  authorities. 

He  suggested  that  the  details  be  discussed  and  settled  in  order,  as 
outlkied  in  the  New  York  meeting. 

Mr.  Rice  offered  a  motion  to  the  effect  that  it  was  the  opinion  of 
the  delegates  attending  the  conference  that  there  should  be  a  perma- 
neQt  organization  of  th«  mine-experiment  stations  of  the  various 
countries.  This  proposal  was  seconded  and  was  unanimously 
adopted. 

Mr.  Rice  then  offered  in  the  form  of  a  motion  the  suggestions  made 
in  the  preliminary  conference,  namely,  that  the  chief  purpose  of  the 
organization  should  be  the  discussion  of  plans  and  methods,  the  inter- 
pretation of  the  residts  of  experiments,  suggestions  concerning  special 
experiments  that  might  be  m4de  most  advantageously  at  different 
stations,  and  that  there  should  be  an  interchange  of  samples  and 
information. 

Dr.  Beyling  thought  that  the  unification  of  methods  should  be  one 
of  the  main  purposes,  but  that  sufficient  advancement  had  not  as 
yet  been  made  to  establish  the  best  method  for  certain  investigations. 

Mr.  Rice  thought  that  certain  standards  for  comparison  should  be 
adopted;  that  although  complete  uniformity  of  methods  could  not  be 
obtained,  it  would  be  desirable  that  as  far  as  possible  standards  be 
adopted  for  comparison  and  future  interpretation  of  results.  Infor- 
mal manifestations  indicated  the  unanimous  agreement  of  the 
conference. 

Mr.  Wattetne.  When  the  committee  is  finally  organized,  every  member  who 
receives  tiie  appointment  is  to  let  the  others  know,  and  to  send  to  the  other  delegates 
whatever  publications  his  Government  or  station  may  issue,  and  put  each  other  ''en 
courant"  of  the  work.  When  the  delegates  are  appointed  there  will  be  no  further 
Qeceaaity  of  using  diplomatic  channels.  I  agree  completely  with  Dr.  Beyling  that  it 
ifl  only  the  first  appointment  that  will  have  to  be  handled  officially,  and  after  that 
each  member  may  do  as  seems  best. 
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Dr.  CzAPLiNSKi.  I  agree  entirely  with  Mr.  Watteyne  that  it  is  sufficient  to  exchange 
publications.  If  we  would  send  samples  of  coal  dust,  the  composition  might  change 
during  the  time  required  to  make  the  exchange.  The  railroads  would  not  accept 
transportation  of  explosives. 

Mr.  Rice  said  that  in  view  of  the  opinions  expressed  it  might  be 
better  to  drop  temporarily  the  matter  of  exchange  of  samples,  but 
that  he  was  glad  to  note  that  all  agreed  to  the  exchange  of  information. 

Dr.  Czaplinski  replied  that  he  did  not  mean  that  certain  samples 
coidd  not  be  exchanged  from  time  to  time,  as  the  occasion  might  arise, 
even  if  such  exchange  were  not  provided  for  in  an  agreement.  He 
said  that,  for  example,  one  station  might  test  a  new  safety  lamp  in 
which  other  stations  would  be  interested,  and  that  the  lamp  could 
then  be  sent  to  the  other  stations. 

Mr.  Watteyne  thought  the  section  covering  the  matter  might  in- 
clude '*  exchange  of  information  and  eventually  other  things." 

It  was  finally  agreed  that  the  section  should  read  as  follows:  *^To 
further  this  purpose  by  the  exchange  of  information,  publications, 
and  eventually  of  other  material." 

Mr.  Watteyne.  As  to  place  of  meeting,  I  would  like  to  see  the  next  one  in  England 
if  it  can  be  arranged.  This  was  the  opinion  of  those  at  the  preliminary  meeting  in  New 
York. 

Mr.  Rice.  I  propose  that  if  this  conference  meets  with  the  approval  of  the  various 
governments,  and  if  an  invitation  is  extended  from  England,  that  those  attending  this 
conference  approve  the  plan  of  having  the  next  conference  in  England;  if  not  held  in 
England,  that  it  be  held  in  Belgium. 

After  a  little  discussion  it  was  decided  that  the  next  conference 
should  be  held  in  1914  if  arrangements  could  be  made  by  that  time. 

Mr.  Watteyne.  Belgium  and  France  being  so  near  to  each  other,  we  might  perhaps 
arrange  to  visit  Fiameries  and  Li6vin  at  the  same  time.  I  shall  see  M.  Taffanel.  If 
the  next  meeting  can  not  take  place  in  England  I  shall  invite  the  conference  to 
Belgium. 

SUMMARY  OP  INFORMAIi  AGREEMENT  AS  TO  FUTURE 

CONFERENCES. 

A  summary  of  the  details  agreed  upon  in  the  conference  is  presented 
below: 

Name  cf  crganizaiion, — International  Conference  of  Mining  Experi- 
ment Stations. 

Chief  purpose. — Discussion  of  plans  and  methods;  interpretation 
and  comparison  of  results  of  experiments;  suggestions  concerning 
special  experiments  that  can  be  made  most  advantageously  at  differ- 
ent stations;  and  furthering  these  purposes  by  the  exchange  of  infor- 
mation, publications,  and  eventually  other  material. 

Method  of  organization, — After  the  official  approval  by  the  nations 
taking  part  has  been  given,  each  testing  station,  whether  private  or 
official,  shall  be  eligible  to  take  part  in  the  conferences;  but  the  re- 
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spective  governments  shall  determine  how  the  delegates  shall  be  ap- 
pointed to  future  conferences. 

Time  of  meeHTig. — ^Each  alternate  year,  at  such  date  as  may  be 
agreed  upon  from  time  to  time.  If  the  conference  is  duly  constituted 
as  proposed,  the  first  meeting  is  to  be  held  in  1914. 

Place  of  meeting. — For  1914  the  meeting  is  to  be  held  at  the  new 
En^h  mine  experiment  station,  if  the  plan  is  agreeable  to  the  au- 
thorities in  charge  of  that  station;  otherwise  the  conference  is  to  be 
held  in  Belgium.  Thereafter  the  place  of  meeting  is  to  be  agreed  upon 
by  a  majority  vote. 

Method  of  voting. — ^Voting  shall  be  by  letter  ballot,  each  participat- 
ing country  having  one  vote. 

Officers.— /The  matter  of  officers  for  future  conferences  is  to  be  set- 
tled after  the  approval  of  the  several  governments  has  been  received. 
Meantime  the  secretary  of  the  Pittsburgh  conference,  George  S.  Rice, 
is  to  assemble  the  papers  and'  reports  of  discussions,  with  a  view  to 
their  publication  by  the  Bureau  of  Mines. 

ABJOURNME5NT  OP  CONFERENCE. 

At  the  suggestion  of  Mr.  O'Connor,  a  vote  of  thanks  was  tendered 
to  the  Bureau  of  Mines  for  its  part  in  the  conference.  The  meeting 
then  adjourned  sine  die. 

In  the  afternoon  the  members  of  the  conference  went  to  the  experi- 
mental mine  at  Bruceton  to  witness  the  final  coal-dust  experiment, 
which  was  on  a  laiger  scale  than  the  previous  experiments.  The  ex- 
plosion was  very  violent  (see  details  on  pp.  46-48),  and  the  delegates 
were  much  interested  in  examioing  the  effects  of  heat  and  violence 
within  the  mine. 
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A  few  of  the  papers  read  at  the  conference  are  presented  at  length 
in  the  following  pages.  Most  of  the  papers,  especially  those  dealing 
with  topics  that  have  been  discussed  in  publications  of  the  Bureau  of 
Mines  since  the  conference,  are  not  given  in  detail,  being  merely 
summarized. 

METHODS    EMPLOYED    BY   THE   BUREAU    OP    MINES  IN 
INVESTIGATING  COAL-DUST  OR  GAS  EXPLOSIONS. 


By  George  S.  Rice. 


ESTABLISHICENT  OF  THE  BTJBEAV  OF  MINES. 

In  1908,  Congress  appropriated  funds  for  the  investigation  of  the 
causes  of  mine  explosions.  This  action  was  the  direct  result  of  the 
terrible  loss  of  life  in  a  number  of  great  coal-mine  disasters  in  January, 
1907,  which  aroused  public  interest  in  the  dangers  of  mining.  The 
investigation  was  intrusted  to  the  technologic  branch  of  the  United 
States  Geological  Survey,  and  in  July,  1910,  was  transferred  to  the 
Bureau  of  Mines,  established  on  that  date,  of  which  Joseph  A. 
Holmes,  formerly  chief  of  the  technologic  branch  of  the  Survey,  was 
made  director. 

SCOPE  OF  THE  BTJBEATT'S  WOBK  ANB  OBOANIZATION. 

The  bureau's  investigations,  as  developed  by  Director  Holmes, 
may  be  classified  under  four  heads,  as  follows:  (1)  Mine-accident 
investigations;  (2)  fuel  investigations,  relating  to  the  production  and 
use  of  coal,  coke,  oil,  and  natural  gas;  (3)  investigations  of  mineral 
losses  in  mining,  quarrying,  concentrating,  and  metallurgical  opera- 
tions; (4)  investigations  of  health  conditions  in  the  various  branches 
of  the  mineral  industry. 

The  organization  of  the  staff  of  the  bureau  includes,  besides  an 
administrative  division,  under  the  director  and  the  assistant  director, 
and  the  engineer  in  charge  at  Pittsburgh,  five  technical  divisions,  as  fol- 
lows: Mining  division,  under  the  chief  mining  engineer;  chemical 
division,  under  the  chief  chemist;  mechanical  division,  under  the 
chief  mechanical  engineer;  division  of  mineral  technology,  under  the 
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chief  mineral  technologist;  and  the , metallurgical  division^  not  yet 
fully  oi^nized. 

In  this  paper  only  the  work  of  the  mining  division  that  relates  to 
mine  accidents  is  discussed. 

MINB  DISASTEBS. 

Since  1908,  each  mine  explosion  in  the  United  States  involving  loss 
of  life  and  m^ny  mine  fires  have  been  investigated  by  the  bureau's 
engineers.  Early  in  the  work  rescue  or  oxygen-breathing  apparatus 
was  obtained  for  use  in  investigating  explosions  and  for  the  possible 
rescue  of  entombed  men. 

HINB-8AFETY  CABS  AND  STATIONS. 

Railroad  sleeping  cars,  of  which  there  are  now  eight,  were  procured 
and  equipped  as  mine-safety  cars,  to  enable  engineers  and  other 
employees  to  render  efficient  aid  at  disasters  and  to  give  lectures 
and  training  in  the  use  of  breathing  apparatus  and  in  first  aid  to  the 
injured.  The  full  crew  of  each  car  consists  of  a  mining  engineer,  a 
foreman  miner,  a  first-aid  miner,  and  a  cook.  In  remodeling  the 
cars,  lower  berths  in  one-half  of  each  car  were  removed  to  make 
room  for  storing  apparatus,  receiving  visitors,  and  for  training  work 
in  mining  towns  in  which  more  suitable  quarters  are  not  available. 
The  remainder  of  each  car  is  divided  into  rooms — a  kitchen,  an  office 
for  the  engineer,  and  a  room  for  the  foreman  and  first-aid  man. 

Besides  the  cars  there  are  also  six  permanent  training  stations^ 
mcluding  the  Pittsburgh  station,  in  different  coal-mining  districts  of 
the  country.  These  stations,  each  in  charge  of  a  mine  foreman,  are 
equipped  with  apparatus  and  have  smoke  rooms  in  which  training 
may  be  given  with  breathing  apparatus. 

Through  the  bureau's  activity  thousands  of  miners  have  received 
training.  Miners  who  take  the  complete  course  prescribed  are  given 
certificates.  A  further  result  of  the  training  has  been  that  the  larger 
coal-mining  companies  have  equipped  cars  and  stations  similar  to 
those  of  the  Bureau  of  Mines,  and  have  trained  Doners. 

When  this  work  was  first  undertaken  by  the  Government  in  1908 
only  a  few  sets  of  modern  apparatus  had  been  purchased  by  mining 
companies.  Now  there  are  several  thousand  owned  by  private 
mining  companies,  and  many  training  galleries  have  been  established. 

By  the  aid  of  breathing  apparatus,  the  mining  engineers  and  miners 
are  able  to  investigate  mines  or  parts  of  mines  that  could  not  be 
entered  without  it.  Following  explosions  and  mine  fires,  a  number 
of  lives  have  been  saved.  In  the  case  of  mine  fires,  the  use  of  breath- 
ing apparatus  has  prevented  loss  of  much  valuable  property  by 
enabling  men  to  attack  the  fires  directly  or  to  seal  the  fire  areas. 
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FIKB-DAHP  INVESTIGATIONS. 

The  geological  as  well  as  the  chemical  conditions  governing  the 
occurrence  of  fire  damp  in  the  mines  of  certain  districts  and  the 
origin  of  methane  and  other  mine  gases  are  being  studied.  Gas  sam- 
ples for  analysis  have  been  gathered  from  mines  in  all  parts  of  tlie 
country  and  investigations  are  being  made  to  determine  the  relation 
of  the  outflow  of  gas  to  changes  in  barometric  pressures  and  to  the 
structure  and  composition  of  the  coal. 

DANOEB  FBOM  OAS  WELLS. 

In  many  mining  districts  of  Pennsylvania,  West  Virginia,  Illinois, 
and  Indiana  the  coal  measures  are  underlain  with  strata  that  contain 
oil  and  natural  gas,  the  indiscriminate  drilling  for  which  constitutes 
a  serious  menace  to  the  coal  mines  in  those  districts.  Old  wells  are 
sometimes  foimd  in  working  the  mine,  and  in  a  number  of  instances 
explosions  or  mine  fires  have  been  caused  by  the  workings  encounter- 
^S  8^  wells.  In  some  districts  the  wells  are  close  together,  and 
interfere  seriously  with  tlie  proper  arrangement  of  tlie  mine  workings, 
for  a  pillar  must  be  left  around  the  well  when  its  position  is  known. 
Tlie  natural  gas  found  in  the  United  States  contains  about  85  per 
cent  of  methane  and  14  per  cent  of  ethane.  The  chemists  find  that 
the  inflammable  mine  gases  normally  do  not  contain  ethane,  so  that 
ethane  content  is  a  strong  indication  of  gas-well  leakage.  In  certain 
instances  this  indication  has  possibly  prevented  disasters — ^proper 
changes  having  been  made  in  the  well  casings  to  relieve  the  pressure 
or  to  prevent  further  leakage  into  the  mines. 

HETHANE  IN  ANTHRACITE  MINES. 

Many  of  the  mines  in  the  Pennsylvania  anthracite  fields  are  very 
gaseous,  the  return  air  of  a  few  of  them  occasionally  having  as  high 
as  2  to  3  per  cent  methane.  As  much  as  1,400  cubic  feet  per  minute 
of  pure  methane,  equivalent  to  about  28,000  cubic  feet  of  fire  damp, 
is  found  in  the  return  air  of  some  of  these  mines  under  normal  con- 
ditions of  working. 

HETHANE  IN  BITDMINOTJS  GOAL  MINES. 

In  the  great  bituminous  coal  fields  of  the  United  States  the  volume 
of  gas  issuing  into  the  mines  varies  widely.  In  the  interior  coal  fields 
there  is  practically  none,  except  in  a  few  mining  districts.  In  the 
Rocky  Mountain  coal  fields  and  also  in  the  southern  Appalacliian 
fields  some  methane  is  found.  In  West  Virginia  and  Pennsylvania 
the  gaseous  conditions  vary  widely.  Possibly  the  most  gaseous  bitu- 
minous mines  are  in  southwestern  Pennsylvania,  but  in  these  the 
main  returns  rarely  carry  over  0.5  per  cent  methane.  Even  in  the 
mines  that  are  considered  very  gaseous^  the  percentage  is  generally 
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less  than  0.3  per  cent,  although  the  return  air  from  some  parts  of 
a  mine  may  carry  as  much  as  1  per  cent  of  methane.  The  methane 
carried  out  by  the  air  current  from  a  so-called  gaseous  bituminous 
mine  under  normal  conditions  rarely  exceeds  1^000  cubic  feet  a 
minute. 

GAS  AKAI^YSIS  AS  A  OXTIDE  IN  FiaHTINO  FIRES. 

In  fighting  mine  fires,  and  for  determining  whether  an  atmosphere 
is  explosive,  gas  analysis  has  been  found  of  the  utmost  value.  There- 
fore mine-safety  cars  and  rescue  stations  are  equipped  with  portable 
apparatus  of  the  Qrsat  type,  as  rearranged  by  G.  A.  Burrell,  a  chemist 
of  the  bureau.  The  samples  are  collected  in  glass  bottles  with  groimd- 
glass  stoppers  or  rubber  corks,  a  rubber  bulb  with  tubes  being  used 
to  fill  the  bottle  with  the  sample.  6.  A.  Hulett,  chief  chemist  of  the 
bureau,  recently  conceived  the  idea  of  taking  such  a  sample  in  an 
evacuated  flask  or  bulb  in  which  the  opening  through  the  stem  has 
been  sealed  by  melting.  When  the  sample  is  to  be  taken,  a  part  of 
the  stem  is  broken  off  at  an  annular  filed  nick.  The  gas  rushes  in, 
and  then  the  small  opening  is  sealed  with  wax.  This  method  has 
proved  successful.  Samples  gathered  in  the  field,  not  requiring 
immediate  analysis,  as,  for  example,  a  sample  from  a  mine  fire,  are 
put  in  containers  and  sent  by  mafl  to  the  Pittsburgh  station. 

It  is  generally  conceded  that  the  presence  of  a  small  proportion  of 
gas  renders  coal  dust  extremely  inflammable.  The  bureau  desires  to 
study  in  the  laboratory  and  at  the  experimental  mine  the  extent  of 
this  influence. 

lONE-EZPLOSION  INVESTIOATIONS. 

Owing  to  mine  explosions,  the  mine-fatality  rate  has  been  greater  in 
the  United  States  than  in  other  large  coal-producing  countries ;  and  un- 
fortunately the  rate  for  the  past  10  years  has  been  higher  than  in  any 
previous  decade.  It  is  possible  that  the  explosions  may  be  attributed 
to  the  following  causes: 

1.  The  increased  use  of  explosives  in  many  western  mines,  and  the 
practice  of  shooting  off  the  solid  without  undercutting. 

2.  The  failure  to  remove  the  fine  dust  made  in  undercutting  with 
machinery  before  blasting. 

3.  The  increased  volimie  and  velocity  of  the  ventilating  currents 
required  by  the  larger  number  of  miners  employed  in  the  average 
mine.  One  result  of  the  increased  velocity  of  the  air  current  is  that 
the  fine  coal  dust  is  blown  from  the  loaded  cars  as  they  pass  through 
the  entries,  and  another  result  is  that  the  increased  quantity  of  air 
dries  the  coal  dust  more  readily. 

4.  The  increased  proportion  of  inflammable  gas  (methane)  in  the 
mine  air,  owing  to  the  increased  depth  of  the  mines,  and,  in  certain 
instances,  to  leakages  of  gas  from  weUs. 
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5.  The  employment  as  miners  of  many  unskilled  men,  a  condition 
resulting  from  the  tremendous  expansion  of  the  coal-mining  industry, 
the  output  now  amounting  to  over  450,000,000  metric  tons  annually. 

6.  The  inability  of  many  miners  to  speak  English,  and  the  conse- 
quent misimderstanding  of  orders  given  by  EngUsh-speaking  foremen. 

7.  Lack  of  discipline. 

8.  Lack  of  sufficient  knowledge  of  gases  and  dust  by  foremen  and 
fire  bosses. 

9^  An  insufficient  number  of  foremen  for  the  supervision  of  the 
work  at  the  face  and  in  other  parts  of  the  mine. 

10.  The  great  increase  in  the  use  of  electricity.  In  1910,  42  per 
cent  of  the  total  output  of  the  bituminous  coal  and  lignite  was  mined 
by  machinery,  and  probably  two-thirds  of  the  machine-mined  coal 
was  mined  by  electric  machinerjr.  A  large  proportion  of  the  hauling 
underground  is  by  electric-trolley  locomotives.  The  amount  of  coal 
thus  transported  is  not  known,  but  inspection  would  indicate  that  it 
is  about  one-half  of  the  entire  output.  Many  explosions  have  been 
attributed  to  electricity,  especially  those  due  to  the  use  of  trolley 
wires.     Previous  to  1902  electricity  was  little  used. 

RELATIVE  BISK  OP  EXPLOSIONS  IN  THE  UNITED  STATES  AND  EUBOPE. 

The  condition  of  the  coal  beds  of  the  United  States  is  generally 
much  more  favorable  to  mining  operations  than  in  Europe,  except 
in  the  anthracite  district  of  Pennsylvania  and  in  some  of  the  western 
fields,  where  the  beds  dip  steeply.  Li  the  bituminous  fields  of  Penn- 
sylvania, West  Virginia,  Ohio,  Indiana,  and  Illinois,  from  which  the 
greater  part  of  the  output  now  comes,  the  beds  are  nearly  level,  lie 
rather  close  to  the  surface,  and  are  generally  freer  from  fire  damp 
than  the  deeply  buried  and  steeply  inclined  coal  beds  of  Europe. 
On  the  other  hand,  the  advantage  of  shallow,  flat-lying  beds  intro- 
duces danger  from  coal-dust  explosions.  The  coal  is  generally  hard 
and  requires  undercutting,  a  process  that  produces  fine  dust.  More- 
over, the  coal  requires  larger  charges  of  explosives  than  the  deeper- 
lying  and  more  crushed  coals  of  the  European  mines.  In  some  mines, 
chiefly  in  the  Middle  West,  the  coal  is  not  undercut  but  is  shot  ''off 
the  solid,"  a  practice  that  requires  excessive  charges  of  explosives, 
produces  much  coal  dust,  weakens  the  roof,  and  is  a  frequent  cause 
of  blown-out  or  dangerous  shots. 

The  passages,  headings,  or  entries  of  most  American  mines  follow 
the  coal  bed  instead  of  cutting  across  them,  as  in  the  inclined  beds 
of  most  European  mines.  Thus  the  walls  of  the  passageways  are  of 
coal  instead  of  rock  or  shale,  the  coal  ribs  tend  to  splinter,  and  the 
fallen  coal  is  ground  to  dust  by  the  feet  or  by  the  mine  cars.  Also, 
if  an  explosion  has  a  good  start,  the  coal-rib  surfaces  give  off  a  certain 
amoimt  of  inflammable  gas  when  struck  by  the  hot  flame  of  the  explo- 
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sion,  and  it  is  even  possible  that  the  advance  air  wave  tears  off 
particles  of  coal  from  the  walls,  which  may  enter  into  the  explosion, 
as  after  a  violent  explosion  it  is  often  found  that  the  coal  ribs  are 
scoured  as  by  a  sand  blast. 

To  summarize  the  comparison,  there  is  much  more  inflammable 
gas  in  European  coal  mines  as  a  whole,  but  coal  dust  is  produced  in 
much  larger  quantities  in  the  American  bituminous  mines.  On  the 
other  hand,  the  temperature  of  the  averse  shallow  American  mine 
is  not  high,  being  generally  less  than  70°  F.  (21°  C),  and  the  roof 
is  relatively  strong,  so  that  there  is  less  difficulty  in  watering  the 
dust  or  in  humidifying  the  mine  atmosphere  than  in  the  European 
mines. 

HUMIDIFICATION . 

Humidification  of  the  ventilating  current  has  been  introduced  in 
many  American  mines  since  1908  as  a  result  of  the  experiments  of  the 
bureau  and  the  study  of  the  problem  by  American  mining  engineers. 
A  widely  adopted  method  is  to  humid^y  the  entering  air  current  in 
winter  by  steam'  jets.  Such  humidification  immediately  raises  the 
temperature  of  the  intaking  air  considerably,  sometimes  as  much  as 
10°  F.,  and  at  the  same  time  suppUes  the  needed  moisture  for  pro- 
ducing a  nearly  saturated  condition  of  the  air.  It  has  generally  been 
found  that  if  the  average  relative  humidity  of  the  entering  air  is 
maintained  above  90  per  cent  the  floor  becomes  damp  and  any  falling 
coal  dust  becomes  damp  enough  to  stick  together ,  so  that  it  is  no t  brought 
into  suspension  by  an  ordinary  concussion.  No  coal-dust  explosions 
have  occurred  in  any  of  the  mines  in  which  humidification  has  been 
thorough,  and  there  must  be  several  hundred  such  mines.  Extensive 
coal-dust  explosions  have  occurred  in  mines  in  which  imperfect  sprin- 
kling has  been  done  by  water  car  or  by  fixed  sprinklers,  or  in  which 
so  small  a  steam  jet  has  been  used  that  the  humidification  has  not 
been  complete  or  continuous.  It  must  be  admitted,  however,  that 
large  masses  of  coal  dust  are  not  readily  wetted  and  i^ould  be  loaded 
out  of  the  mine. 

BOCK  OB  SHALE   DUST. 

The  use  of  rock  or  shale  dust  for  preventing  and  limiting  explosions, 
developed  at  the  Li6vin  station,  France,  and  at  Altofts,  England,  has 
been  tried  in  only  a  few  mines.  There  are  two  reasons,  as  follows: 
(1)  The  bureau  has  not  yet  been  in  a  position  to  thoroughly  test  the 
method  at  the  experimental  mine,  and  many  operators  in  districts 
where  water  is  scarce,  or  where  wetting  or  humidifying  injures  the 
roof,  are  waiting  for  the  results  of  tests  to  be  made  under  American 
mining  conditions;  (2)  roof  shale  sufficiently  free  from  carbonaceous 
matter  is  not  found  as  frequently  in  American  as  in  European  mines, 
where  the  levels  cut  the  inclined  strata.  The  absence  of  a  suitable 
shale  may  be  noticed  at  the  experimental  mine,  where  the  shale 
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selected  contained  8  per  cent  of  combustible  matter.  On  the  other 
hand;  there  are  limestone  quarries  near  many  coal-mining  districts 
and  the  waste  might  be  obtained  at  comparatively  small  cost. 

DELIQUESCENT   SALTS. 

Crude  calcium  chloride  is  being  used  a  little  to  supplement  sprinkling 
by  hose,  or  by  water  cars,  and  seemingly  might  be  more  used  to  sup- 
plement other  means.  It  is  of  particular  value  in  dampening  the 
dust  that  settles  in  goaves  or  other  places  difficult  of  access  which 
may  be  overlooked  by  the  employee  using  hose  or  not  reached  by 
sprinklers.  It  may  also  be  used  to  advantage  in  mines  where  the 
occasional  wetting  of  gobs  may  lead  to  spontaneous  fires. 

BELATION  OF  THE  WOBK  OF  THE  BXTBE  ATT  TO  STATE  INSPECTION 

DEPABTMENTS. 

_  • 

Each  State  regulates  mining  operations  within  its  domain;  it 
makes  its  own*  laws  and  has  its  own  inspectors.  The  State  laws  differ 
widely — some  are  detailed  and  specific,  as  are  the  Pennsylvania  and 
Illinois  laws;  others  are  very  incomplete  and  leave  much  to  the  dis- 
cretion of  the  inspector.  The  Federal  Government  exercises  no  police 
control  or  supervision  for  safety  in  mining  except  in  the  Territory  of 
Alaska.  In  those  western  States  in  which  the  Government  owns  the 
mineral  rights  of  any  land  not  yet  sold  the  terms  of  sale  are  defined 
by  the  Land  Office  of  the  Department  of  the  Interior,  but  the  Crov- 
emment  does  not  exercise  any  police  supervision  over  the  develop- 
ment of  mines. 

The  United  States  Bureau  of  Mines  does  only  investigative  and 
educational  work  relating  to  various  phases  of  the  mineral  industry. 
Its  mining  engineers  have  no  power  to  effect  improvements  or 
changes  in  mining  operations,  or  even  to  enter  mines  without  the 
permission  of  the  State  autJiorities  or  the  individual  operators. 
However,  the  operators  and  State  inspectors  generally  have  welcomed 
the  activities  of  the  bureau  and  have  freely  permitted  its  engineers 
to  enter  mines  and  gather  samples  and  make  investigations.  Many 
improvements  that  these  engineers  have  been  able  to  suggest  have 
been  adopted  by  the  mine  managers  and  owners. 

Detailed  reports  of  most  mine  accidents  of  any  size  and  all  mine 
explosions  are  submitted  confidentially  to  the  director  by  the  engi- 
neers of  the  bureau.  If  the  conditions  are  liable  to  lead  to  a  repetition 
of  the  accident  a  confidential  report  is  made  to  the  mine  operator. 
General  reports  covering  each  class  of  accidents  are  prepared  by  the 
bureau  for  publication  in  such  a  way  as  not  to  conffict  with  the 
reports  of  the  inspectors  of  the  various  States.  Later,  it  may  be  pos- 
sible that  those  parts  of  the  reports  of  individual  mine  disasters  of 
scientific  or  educational  value  will  be  published. 
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SZFBBXHENTAL  MINB. 

In  1910,  the  bureau  decided  to  open  a  mine  in  which  experiments 
relating  to  mine  explosions  oould  be  conducted  on  a  scale  comparable 
with  the  operations  of  ordinary  mining.  The  site  finally  selected,  in 
December,  1910,  is  near  Bruceton,  Pa.,  13  miles  from  Pittsburgh,  on 
the  Baltimore  &  Ohio  R.  R.  The  features  considered  in  this  selection 
were  as  follows: 

1.  The  mine  should  be  in  a  coal  bed,  like  the  Pittsburgh  seam,  in 
which  inflanmaable  dust  is  produced. 

2.  The  coal  bed  at  the  place  selected  should  be  practically  free  from 
inflammable  gas. 

3 .  A  natural-gas  pipe  line  should  be  at  hand  to  supply  gas  for  experi- 
ments in  the  mine. 

4.  The  mine  should  be  free  from  dripping  water  and  preferably  self- 
draining,  to  permit  experiments  with  dry  coal  dust. 

5.  The  main  'openings  should  be  drifts,  to  obviate  the  difficulties 
from  shafts  wrecked  by  violent  explosions. 

6.  There  should  be  a  water  supply  for  boiler  use  and  for  sprinkling 
or  humidifying  the  mine. 

7.  The  mine  should  be  near  a  railroad  to  allow  shipment  of  the 
coal,  yet  away  from  dwellings  that  might  be  damaged  by  explosions. 

DESCRIPTION   OF  MIKE. 

The  mine  at  this  time  (September,  1912)  consists  essentially  of  two 
main  entries  or  headings,  1,260  feet  long,  driven  in  the  Pittsburgh  coal 
bed,  and  a  di^onal  heading  198  feet  long,  which  intersects  the  air 
course  at  an  angle  of  55^  at  a  point  117  feet  from  the  mouth  of  the  air 
course.  A  pair  of  left  ''butt  entries"  210  feet  long  are  turned  at  right 
angles  to  the  air  course  at  850  feet  from  the  main  entrance.  A  single 
right  "butt  entry"  100  feet  long  is  turned  at  right  angles  to  the  main 
entry  at  a  point  775  feet  from  the  main  entrance.  The  total  length 
of  single  entry  is  about  3,300  feet. 

The  mine  is  opened  in  a  hillside,  the  crest  of  the  ridge  being  150  feet 
above  the  level  of  the  entrances.  The  roof  strata  are  chiefly  carbo- 
naceous shale.  The  entrances  are  of  reinforced  concrete,  and  for  some 
distance  inside  the  passages  are  lined  with  reinforced  concrete,  arched 
overhead.  As  finished,  the  width  is  8  feet  and  the  height  of  the  crown 
above  the  floor  7  feet  6  inches.  Where  the  entries  are  unlined  the 
width  is  9  feet  and  the  height  6^  to  7  feet.  The  main  coal  which  is  ex- 
posed in  the  ribs  averages  about  5i  feet  thick ;  above  it  is  a  1  -foot  layer 
of  soft '  *  draw  slate ' '  or  laminated  shale,  which  is  taken  down  in  d  riving 
the  entries ;  above  this  shale  is  a  stratum  of  impure  coal  6  inches  to  2  feet 
thick;  generally  this  forms  an  excellent  roof,  and  doee^ot  require 
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support  except  where  "rolls"  (small  faults)  are  encountered.  The 
tracks  laid  in  the  entries  are  ballasted  with  roof  shale,  or  with  furnace 
cinders. 

SHELTINO  FOR   COAlrDUST  LOADS. 

For  experiments  with  coal  dust  it  was  necessary  to  introduce 
artificial  shelving,  since  the  coal  dust  could  not  be  as  effectively 
placed  upon  the  ballast  of  the  floor  as  on  the  smooth  floors  of  con- 
creted or  steel  galleries;  moreover,  in  winter,  when  the  mine  is  dry, 
it  is  necessary  to  keep  the  floor  moist  and  packed  so  that  the  finer 
road  ballast  may  not  be  thrown  into  suspension  by  the  violence 
of  an  explosion.  There  are  five  shelves  made  of  3  by  4  inch  timber, 
with  a  3-inch  face  upward  on  each  rib.  Where  the  entries  are  lined 
with  concrete  the  shelves  are  held  by  bolts  projecting  from  the 
lining;  where  the  entries  are  imlined  the  shelves  are  bolted  to  posts 
recessed  into  the  ribs  and  tied  in  by  bolts  and  concrete. 

INSTRUMENT   STATIONS. 

At  200-foot  intervals  along  the  main  entry  and  the  diagonal  entry 
are  large  instrument  stations,  each  lined  with  reinforced  concrete, 
and  divided  by  a  strengthening  wall,  on  one  side  of  which  are  the 
instruments  and  on  the  other,  guarded  by  a  heavy  steel  door,  is  the 
entrance.  The  instruments  are  placed  on  a  shelf,  and  connection 
with  the  atmosphere  of  the  entry  is  through  holes  in  a  thick  steel 
plate  flush  with  the  rib  of  the  entry.  These  large  stations  are  for 
pressure  manometers,  circuit  breakers,  and  other  automatic  apparatus. 

FLAME   AND   PRESSURE   dRCUIT-BREAKER   STATIONS. 

Halfway  between  the  large  stations  are  small  stations  or  boxes  for 
flame  and  pressure  circuit  breakers,  so  that  the  circuit  breakers  may 
be  placed  at  100-foot  intervals.  Access  to  each  station  is  had  by 
opening  a  hinged  steel-plate  door. 

INSTRUMENT  GABLES. 

Electrical  connections  for  the  various  instruments  in  the  large  and 
small  stations  are  made  by  cables  that  run  from  the  observatory 
outside  of  the  mine  to  the  main  entrance,  and  thence  through  a 
4-inch  pipe  placed  behind  the  concrete  lining  or  carried  in  a  groove 
in  the  rib,  which  is  faced  with  concrete.  The  cables  enter  each 
station  Garge  and  small),  where  they  are  cut  and  the  individual 
wires  fastened  to  binding  posts  on  a  board  so  that  any  desired 
connection  can  be  made  to  the  various  instruments. 

METHOD  OF  lONrTINO  SHOTS. 

In  some  of  the  coal-dust  explosion  tests,  the  source  of  ignition  has 
been  by  a  "blown-out  shot,"  prepared  by  drilling  into  the  coal  face 
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and  lining  the  drill  hole  with  a  pipe;  in  others  the  igniting  shot  has 
been  fired  from  a  camion.  It  is  probable  that  the  latter  method  will 
be  used  during  the  coming  series  of  experiments  in  order  to  obtain  a 
more  r^ular  initial  pressure.  Other  methods  of  ignition,  such  as 
loc&i  gas  explosions  behind  light  brattices  or  bulkheads,  may  be 
tried. 

SHOT-FIRING   LINE. 

The  shot-firing  lines  are  in  the  pipe  carrying  the  other  electric  wires ; 
immediately  outside  of  the  mine  all  of  the  wires  are  brought  into  a 
locked  switch  box.  AH  switches  are  left  open  when  men  are  in  the 
mine  preparing  for  an  explosion  test  and  the  switch  box  is  kept 
locked.  When  the  men  charging  the  igniting  shot  have  come  out, 
the  switches  are  closed.  At  the  observatory  similar  switches,  also  in 
a  locked  box,  are  closed.  The  keys  of  these  boxes  are  carried  by  the 
men  who  charge  and  connect  up  the  shot.  When  aU  connections  are 
ready  a  button  is  pressed,  completing  the  circuit,  and  thus  jBring  the 
shot. 

VENTILATINO   SYSTEM. 

For  ventilation  while  the  mine  is  being  developed,  a  small  fan, 
capable  of  delivering  5,000  to  10,000  cubic  feet  of  air  per  minute  at  1 
to  1 1  inch  water  gage,  is  used.  It  is  driven  by  a  gas  engine.  During 
the  first  series  of  experiments,  it  was  arranged  as  a  blowing  fan  and 
was  at  the  end  of  a  120-foot  steel  tube,  in  line  with  the  diagonal  head- 
ing. During  the  explosions  the  velocity  of  the  ventilating  current  in 
the  main  entry  was  about  100  feet  a  minute,  making  the  volume  of  air 
about  5,000  cubic  feet  a  minute.  This  fan  is  now  at  the  top  of  the 
small  air  shaft  connecting  with  the  air  course,  being  used  as  a  suction 
fan,  the  intake  being  through  the  main  entry. 

A  large  fan  for  experimental  purposes  (rated  by  the  manufacturer 
as  having  a  capacity  of  80,000  cubic  feet  of  air  a  minute  with  a  2-inch 
water  gage,  or  15,000  cubic  feet  of  air  a  minute  with  6-inch  water 
gage)  is  driven  by  a  lOO-horsepower  engine,  through  belting  so  that  in 
case  of  sudden  stopping  of  the  fan  by  a  violent  explosion  there  will  be 
less  danger  of  wreckage.  Reversing  the  fan  is  easily  and  quickly  accom- 
plished. This  fan  is  near  a  branch  of  the  external  steel  gallery,  the 
connecting  passage  having  two  offsets  with  relief  doors  overhead  and 
on  the  side,  so  as  to  afford  full  protection  from  an  explosion.  It  is 
intended  to  run  the  fan  without  stop  during  an  explosion,  and  to  make 
some  coal-dust  experiments  with  the  ventilating  current  moving  first 
in  one  direction  and  then  in  the  other,  the  influence  of  the  direction 
of  the  air  on  the  movement  of  an  explosion  being  much  debated  by 
American  mining  men. 
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FIRST   SERIES   OF   EXPLOSION   EXPERIMENTS. 

The  opening  test  of  the  first  series  of  coal-dust  explosion  experi- 
ments took  place  on  October  24,  1911.  The  mine  then  consisted  of 
two  main  entries,  each  about  700  feet  long.  Lack  of  funds  that  year 
(1911-12)  prevented  consecutive  testing.  In  all  there  were  15  tests 
made.  A  fuU  report  of  this  series  is  now  in  the  course  of  pubUca- 
tion,<»  so  that  the  details  are  not  discussed  at  length. 

ST7HMART   OF  RESUI^TS   OF   FIRST   SERIES   OF   COAlr-DUST  TESTS.* 

The  chief  conclusions  from  these  tests  were  as  follows: 

(1)  Explosions  can  be  produced  at  will  in  underground  passages 
having  walls,  roof,  and  humidity  conditions  typical  of  American  mines. 

(2)  A  blown-out  shot  in  the  coal  face  will  raise  in  suspension  coal 
dust  placed  on  the  floor  or  ribs,  and  will  ignite  it  without  a  prelimi- 
nary shot  or  concussion. 

(3)  Coal-dust  explosions  may  be  produced  when  the  mine  atmos- 
phere is  saturated  and  when  the  floors,  ribs,  and  walls  are  damp, 
though  not  wet,  provided  enough  dry  coal  dust  is  present. 

(4)  Although  a  coal-dust  explosion  often  develops  pressure  and 
velocity  slowly,  it  may  reach  a  violent  stage  at  less  than  600  feet 
from  its  origin,  and  at  that  point  may  attain  a  velocity  of  2,000  feet 
or  more  a  second. 

(5)  The  maximum  pressures  were  not  registered  near  the  outlet, 
but  150  feet  from  the  portal,  although  the  dust  load  extended  to  the 
mouth,  thus  indicating  measurable  relief  of  pressure  near  the  mouth. 

PRESSURE-WAVE   AND   FLAME   VELOCITIES. 

The  maximum  pressure-wave  velocity  indicated  by  the  pressure 
manometers  and  time  markers  was  1,954  feet  per  second,  but  the  maxi- 
mum flame  velocity,  indicated  by  the  flame  circuit  breaker  instru- 
ments, was  2,277  feet  per  second.  The  experiments  were  not  numerous 
enough  to  warrant  drawing  conclusions  as  to  the  relation  between  the 
position  of  the  flame  and  the  forefront  of  the  pressure  wave. 

MAXIMtTM   PRESSURES  AT  MANOMETER  STATIONS. 

The  maximum  pressure  in  the  first  series  of  tests  m  which  the  pres- 
sure manometers  were  in  operation  was  recorded  in  the  last  experi- 
ment, 103  pounds  per  square  inch  being  indicated  at  station  150, 
150  feet  from  the  mouth  of  the  mine,  whereas  at  station  50,  50  feet 
from  the  mouth  of  the  mine,  the  maximum  pressure  was  60  pounds 

a  Rice,  O.  9.,  and  others,  First  aeriefl  of  coal-dust  explosion  testa  in  the  experimental  mine:  BoU.  60, 
Bureau  of  Mines,  I9I3,  pp.  66-113. 
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per  square  inch.     A  similar  drop  near  the  outlet  was  recorded  in 
other  experiments. 

The  maximum  pressures  mentioned  above  were  probably  not  as 
hi^  as  those  in  one  or  two  other  tests  in  which  the  instruments  failed 
to  act  properly.  If  the  recorded  pressures  only  be  considered,  the 
maxiTnum  pressures  obtained  in  this  first  series  were  much  less  than 
those  obtained  by  Taffanel  in  his  surface  gallery,  and  about  the  same 
as  those  obtained  in  the  Altofts  gallery.  The  number  of  experiments 
was  insufficient  for  a  complete  comparison  between  the  results  at  the 
experimental  mine  and  those  at  the  several  surface  galleries. 

KIND  OF   COAL  DUST   USED. 

The  coal  dust  used  in  the  first  series  of  experiments  came  from  a 
mine  in  the  Pittsburgh  seam  about  10  miles  from  Pittsburgh,  Pa. 
For  future  experiments  the  coal  dust  that  will  be  used  for  the  stand- 
ard tests  will  be  made  from  the  run-of-mine  coal  produced  in  the 
experimental  mine.  The  proximate  analysis,  averaged  from  a  series 
of  standard  full-section  face  samples  taken  in  that  mine,  is  as  follows: 

Moisture 2. 7 

Volatile  matter 36. 0 

Fixed  carbon 65. 0 

Aah 6.3 

100.00 

The  average  ultimate  analysis  is  as  follows: 

Hydrogen 6. 88 

Ckrbon 76.16 

Nitrogen 1. 63 

Oxygen 9. 23 

Sulplmr 1.40 

Aflh 6.30 

100.00    . 

Samples  of  the  dust,  for  analysis,  are  gathered  after  it  has  been 
distributed,  prior  to  each  test. 

INFLUENCE   OF  SIZE   OF  DUST. 

M.  Taffanel,  in  his  experiments,  has  given  much  time  and  attention 
to  the  size  of  the  dust  used.  In  the  bureau's  prehminary  tests  made 
to  determine  the  availability  of  mine  passages  for  explosion  experi- 
ments, the  dust  used  was  fine  enough  for  about  95  per  cent  of  it  to 
pass  through  a  100-mesh  screen  (100  openings  to  the  linear  inch) 
and  about  75  per  cent  through  a  200-mesh  sieve.  This  coal  dust  was 
ground  at  the  Pittsburgh  station  in  a  small  ball  mill,  as  the  grinding 
plant  at  the  experimental  mine  had  not  been  finished. 
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All  inyestigators  agree  that  the  finest  coal  dust,  when  freshly  mmed, 
is  the  most  explosive,  but  all  sizes  are  found  in  coal  mines  in  regular 
operation.  Samples  of  road  dust  have  been  obtained  in  various 
mines  of  the  country,  and  although  gathered  with  care  to  exclude 
large  pieces,  when  screened,  as  a  rule,  50  to  75  per  cent  will  not  pass 
through  a  20-mesh  sieve.  Previous  gallery  tests  have  indicated  that 
the  part  passing  through  a  20-me8h  sieve  is  the  explosive  part,  but 
in  making  tests  of  the  maximum  dust  dangers  a  finer  dust  should 
be  used.  Therefore  the  grinder  -wiU  be  set  to  produce  dust  that  will 
pass  a  100-mesh  sieve.  Such  dust  contains  a  large  proportion  of  the 
finest  sizes.  In  the  tests  to  follow,  the  proportions  of  the  different 
sizes  will  be  exactly  determined.  The  finest  or  lightest  dust  is  first 
brought  into  suspension  by  a  concussion;  if  more  coal  dust  is  used 
there  is  more  of  this  fine  dust  in  the  dust  cloud  preceding  the  explosion 
wave. 

OBJECTS   OF   THE    COMING   SERIES   OF  TESTS. 

• 

Briefly,  the  objects  of  the  coming  series  of  tests  are: 

(1)  To  study  the  conditions  under  which  coal-dust  explosions  may 
start,  and  to  determine  the  effect  of  different  conditions,  such  as  loca- 
tion, size  of  passage  or  chamber,  temperature,  humidity,  and  composi- 
tion of  dust. 

(2)  To  study  the  propagation  of  an  explosion,  and  to  determine  the 
effect  of  the  conditions  named,  the  arrangement  of  the  mine,  and  coal- 
dust  loading  on  the  velocity  of  the  explosion. 

(3)  To  study  the  development  of  pressure  and  the  relation  of  the 
pressure  to  the  velocity  and  the  temperature  of  the  flame. 

(4)  To  determine,  if  possible,  whether  an  explosion  with  uniform 
dust  loading,  in  a  uniform  passageway,  constantly  increases  in  ve- 
locity and  intensity  to  the  outlet;  or,  whether  after  the  explosion 
has  reached  a  certain  velocity  and  intensity  those  manifestations 
become  constant  or  fall  and  subsequently  rise  to  another  culminar- 
tion. 

(5)  To  study  all  promising  means  of  preventing  explosions  from 
originating  or  propagating,  such  as  humidification  or  use  of  rock 
dust. 

(6)  To  study  the  means  of  checking  or  stopping  dust  explosions 
after  once  started. 

(7)  To  determine  the  influence  of  ventilating  currents  as  to  direc- 
tion and  volume  upon  the  propagation  of  an  explosion. 

(8)  To  study  the  influence  of  the  temperature  and  humidity  of  the 
atmosphere  on  the  starting  and  propagal^ion  of  an  explosion. 
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INFTiAMMABTTJTY  OF  COAIj  DUST. 


By  J.  K.  Clbmsnt. 


Several  methods  for  the  laboratory  study  of  the  inflammability  of 
coal  dust  have  been  used  in  England  and  in  France.  An  apparatus 
devised  for  this  purpose  by  J.  C.  W.  Frazer,  formerly  chemist  of  the 
Bureau  of  Mines,  consists  of  a  glass  bulb  haying  a  capacity  of  approx- 
imately 1,600  c.  c,  provided  with  tubulures  at  the  top  and  bottom, 
and  having  an  electrically  heated  platinum-wire  grid  above  the  lower 
tubulure  and  near  the  center  of  the  bulb.  A  brass  tube,  closed  at  its 
upper  end  with  a  steel  ball,  communicates  with  the  tubulure  at  the  top 
of  the  bulb.  Fif  tjp-  milligrams  of  dust  is  blown  through  the  lower  tubu- 
lure against  the  glowing  platinum  grid,  and  the  pressure  developed 
by  the  explosion  of  the  dust  is  measured  by  determining  the  smallest 
weight  that  must  be  placed  on  top  of  the  steel  ball  to  prevent  its 
bebg  lifted.  The  range  of  temperature  of  the  platinum  wire  is  800^ 
to  1,200°  C. 

With  this  apparatus  more  than  a  hundred  samples  of  coal  dust 
from  the  various  fields  of  the  United  States  have  been  tested,  in 
addition  to  samples  of  coal  dust  containing  various  inert  substances, 
such  as  shale  dust  and  sodium  chloride.  The  results  show  that  sodium 
chloride  is  more  effectual  than  shale  dust  in  reducing  inflamma- 
bility.* 


INSTRUMENTS  USED  IN  COAL-DUST  EXPERIMENTS. 


By  J.  K.  Clement. 


The  instruments  required  in  the  investigation  of  coal-dust  explo-' 
sions  in  galleries  are  as  follows:  Gages  or  manometers  for  measuring 
pressure;  device  for  measuring  the  velocity  of  propagation  of  explo- 
sions; apparatus  for  taking  gas  samples. 

PBESSXJBE  APPABATUS. 

Under  pressure  apparatus  are  included  recording  manometers  and 
Diajdmum-i»ressure  gages. 

■  A  daocriptlon  of  tbe  apparatus  and  the  results  of  the  tests  are  given  in  "A  Laboratory  Study  of  the  In- 
flunmablllty  of  Coal  Dust/'  by  J.  C.  W.  Frazer,  £.  J.  Hoffman,  and  L.  A.  BchoU,  jr.:  Bull.  50,  Bureau 
o(Mi]iei,1913,68pp. 
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BECORDmO  MANOMETEBS. 

In  a  recording  manometer  the  moving  parts  of  the  instrument  must 
have  small  inertia  and  high  frequency.  In  the  manometers  used  at 
Altofts,  England,  the  pressure  acts  against  a  steel  spring,  the  move- 
ment of  which  is  recorded,  by  means  of  stylus,  on  smoked  paper 
carried  on  a  rotating  dnmi. 

In  the  manometer  used  by  Taffanel  at  Ii6vin,  France,  pressure  is 
exerted  against  a  steel  membrane  which  is  connected  by  a  series  of 
levers  with  a  small  rotating  mirror.  The  movement  of  the  mem- 
brane is  recorded  photographically. 

In  the  manometer  designed  by  the  Bureau  of  Mines  the  pressure 
is  transmitted  by  means  of  a  plunger  to  a  cylinder  composed  of  a  large 
nxmaber  of  thin  carbon  disks  about  2.5  cm.  in  diameter.  The  varia- 
tion in  the  resistance  of  the  carbon-disk  colimm,  due  to  changes  of 
pressure,  is  recorded  by  means  of  an  oscillograph. 

MAXIMUM-PBESSUBE   OAOES. 

Maximum-pressure  gages  of  the  ordnance  pattern  have  been  used 
in  the  gallery  tests  at  Li6vin  and  in  several  tests  at  the  experimental 
mine.  In  the  latter  tests  the  records  obtained  simultaneously  on 
different  gages  at  the  same  station  did  not  agree.  This  disagree- 
ment was  probably  due  to  lack  of  care  in  the  construction  of  the 
instrument  cylinders. 

INSTBT7HBNTS  FOB  HBASTTBINa  VBLOOTTY. 

To  determine  the  rates  of  propagation  of  flame  and  of  the  pressure 
wave,  circuit  breakers  that  are  connected  in  series  with  a  chrono- 
graph and  operated  either  by  flame  or  by  pressiure  are  placed  at  inter- 
vals in  the  gallery. 

PBS;3SUBE   CIBCUIT   BBEAKEBS. 

In  the  pressure  circuit  breakers  the  circuit  is  broken  by  the  action 
of  pressure  on  a  piston.  In  the  tests  at  the  experimental  mine  it 
was  difficult  to  adjust  the  pressure  circuit  breakers  so  that  they 
would  be  actuated  by  the  pressure  produced  by  the'coal-dust  explo- 
sion and  not  by  the  pressiure  from  the  blown-out  shot.  The  pressure 
from  the  latter  was  found  to  be  as  great  as  4  pounds  per  square  inch 
at  100  feet  from  the  shot. 

FLAME  cntourr  bbeakebs. 

Two  types  of  flame  circuit  breakers — the  detonator  and  the 
tinfoil  types — ^have  been  used.  In  some  of  the  tests  at  the  experi- 
mental mine,  detonators  coated  with  silver  carbide  were  used.    In 
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these  tests  the  detonator  type  of  circuit  breaker  proved  to  be  unre- 
liable, as  the  detonators  were  not  always  ignited  by  the  flame.  The 
behavior  of  the  tinfoil  circuit  breaker  was  entirely  satisfactory. 

CHRONOOBAPHS. 

For  the  B.  C.  D.  chronograph  used  at  Altofts,  the  circuit  breakers 
are  connected  in  series  with  the  same  electromagnetic  recorder  on  the 
chronograph  by  means  of  an  automatic  conunutator  switch.  At 
Lifivin  a  chronograph  with  separate  recorders  for  each  circuit  breaker 
IS  used.  The  objection  to  the  first  type  of  chronograph  is  that,  when 
one  circuit  breaker  fails  to  operate,  circuit  breakers  placed  to  operate 
subsequently  are  not  connected  to  the  chronograph  and  therefore 
fail  to  record. 

QAS-SAKPUNQ  APPABATtJS. 

Satisfactory  automatic  instruments  for  taking  gas  samples  during 
the  passage  of  the  flame  have  been  designed  in  England  and  in  France. 
A  new  gas  sampler  has  recently  been  designed  at  the  Pittsburgh 
station  for  the  purpose  of  taking  three  samples  in  rapid  succession 
during  the  passage  of  the  flame. 


REPORT  OP  EXPLOSION  TESTS  16  TO   20   SEEN  BY  THE 

CONFERENCE. 


By  George  S.  Kice  and  L.  M.  Jokes. 


BXPIX>SION  TBST  16. 

On  September  12, 1912,  in  the  prehminary  test,  the  first  of  the  second 
series  made  in  the  enlarged  experimental  mine,  coal  dust  was  placed 
on  the  side  shelves  in  the  outer  600  feet  of  the  1,270-foot  main  entry. 
Ignition  was  caused  by  a  blown-out  shot  in  a  cannon  such  as  is  used  in 
the  explosives  testing  gallery  in  Pittsburgh.  The  axis  is  parallel  with 
the  floor  and  24  inches  above  it.  The  charge  prepared  was  2f  pounds 
of  black  blasting  powder,  tamped  with  4  inches  of  clay  stemming. 
The  cannon  pointed  toward  the  mouth  of  the  main  entry,  parallel 
with  the  axis  of  the  latter.  A  platform  of  boards  5  feet  wide  was 
placed  parallel  with  the  axis  of  the  cannon  and  10  inches  below  it. 
This  was  loaded  with  25  pounds  of  coal  dust.  Five  himdred  pounds  of 
coal  dust,  or  1  pound  per  linear  foot  of  entry,  was  placed  on  the  shelv- 
ing. That  load  was  equivalent  to  about  0.26  ounce  per  cubic  foot  of 
gallery  or  entry  space,  or  260  grams  per  cubic  meter.  The  coal  dust 
used  in  this  and  the  following  tests  was  ground  from  coal  mined  from 
the  Pittsburgh  seam  at  the  experimental  mine,  which  is  in  the  gas-coal 
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district.     An  average  of  analyses  of  dxist  samples  taken  from  shelves 
before  the  tests  is  as  follows: 

Analysis  of  coal  dust  used  in  tests. 

Moisture 2.49 

Volatile  matter 36. 29 

Fixed  carbon 53. 66 

Aflh 8.56 

100.00 
Sulphur 1.20 

More  than  95  per  cent  of  the  dust  passed  tlirough  a  100-mesh  sieve. 
The  fan  was  running  during  the  test;  the  air  current  returning  in  the 
main  entry  had  a  velocity  of  166  feet  per  minute,  so  that  the  ignition 
occurred  in  the  direction  of  the  moving  air. 

When  the  shot  was  ignited  in  the  usual  manner  by  a  button  pressed 
in  the  observatory,  smoke  and  flame  issued  from  the  mouth  of  the 
entry.  The  explosion  was  not  loud,  and  was  accompanied  by  little 
violence  beyond  the  movement  of  dust  and  small  particles  flying. 
The  flame  extended  50  feet  inby  the  cannon  and  outby  to  176  feet 
outside  the  main  opening,  or  a  length  of  675  feet  from  the  cannon. 
No  instruments  were  used  in  this  test. 

EXPLOSION  TEST  17. 

The  second  explosion  test  of  this  series  was  made  on  Saturday, 
September  14,  in  the  presence  of  the  delegates  to  the  international 
mine-experiment  station  conference,  Messrs.  Watteyne,  Beyling, 
Czaplinski,  Monroe,  and  Rice,  and  Mr.  O'Connor,  imofficial  represent- 
ative. The  experiment  was  similar  to  the  first.  Coal  dust  in  the 
amoimt  of  1  pound  per  linear  foot  was  spread  from  the  mouth  to 
station  650.  The  cannon  was  placed  at  station  550,  so  that  the  dust 
load  extended  100  feet  inby  its  position.  The  cannon  was  charged 
with  2f  pounds  of  FFF  black  blasting  powder  and  4  inches  of  clay 
stemming  as  in  the  previous  test.  A  16-foot  bench  with  a  load  of  25 
pounds  of  coal  dust  was  placed  in  front  of  the  cannon.  Tlie  volume 
and  direction  of  the  ventilating  current  were  as  in  the  preceding  test. 

It  had  rained  from  8.30  to  10.30  a.  m.,  and  the  mine  surfaces  were 
much  damper  than  in  tlie  previous  test,  being  wet  to  the  touch. 
There  was  standing  water  in  the  ditch  extending  along  one  side  of  the 
entry.  The  coal  dust  on  the  shelves  had  been  in  position  an  average 
of  two  hours  before  the  test,  and  although  the  absorbed  moisture 
probably  did  not  affect  to  any  great  degree  the  explosibiUty  of  the 
coal  dust  when  in  suspension,  it  may  have  increased  the  adhesiveness 
of  the  dust,  thus  making  more  difficult  the  throwing  of  the  dust  into 
the  air  near  the  cannon. 

When  the  shot  was  fired,  coal  dust  was  blown  out  of  tlie  mouth  of 
the  entry^  but  no  smoke  or  flame  issued.     There  was  a  muffled  sound 
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of  an  explosion,  slightly  in  excess  of  what  would  be  caused  by  a  shot 
ftlone.  After  an  interral  of  two  or  three  minutes  the  ventilating  current 
brought  out  a  considerable  quantity  of  smoke,  although  not  nearly 
so  much  as  in  the  previous  test.  The  pressure  circuit  breakers, 
which  had  been  set  at  such  a  pressure  tliat  they  would  not  be  actuated 
bj  the  shot  itself,  did  not  act.  Examination  showed  that  the  gun- 
cotton  tufts  at  25-foot  intervals  had  been  ignited  for  100  feet  toward 
the  entrance  and  for  50  feet  inby  against  the  air  current.  The  result 
was  of  interest  because  it  has  been  su^ested  that  ignition  inby  could 
not  be  obtained  from  a  shot  pointed  outby.    No  violence  was  manifest. 

EXPLOSION  TEST  18. 

The  third  test  was  on  MoAday,  September  16,  in  the  presence  of 
the  foreign  representatives  and  others.  The  igniting  shot  was  fired 
from  the  cannon  at  the  face  of  the  right  butt  entry,  100  feet  from  the 
main  entry.  It  had  the  usual  charge  of  2f  pounds  of  FFF  black 
blasting  powder  with  6i  inches  of  clay  stemming.  Coal  dust  was 
loaded  in  the  amount  of  1  poimd  per  foot  from  the  opening  to  station 
950,  the  latter  point  being  175  feet  beyond  the  mouth  of  the  butt 
entry.  The  loading  in  the  butt  entry  was  in  the  amount  of  2  pounds 
per  foot.  The  fan  was  drawing  9,500  feet  of  air  into  the  main  entry. 
The  humidity  of  the  current  passing  the  butt  entry  was  92  per  cent. 

A  cloud  of  smoke  and  dust  issued  from  the  piain  opening  and  a 
smaller  cloud  from  the  gallery  explosion-door  section.  The  plates  and 
boards  on  the  explosion-door  sections  and  the  door  at  the  mouth  of 
the  air  course  were  disarranged,  but  otherwLso  no  damage  was  done. 
At  E  1050  a  car  standing  on  the  main  entry  was  moved  inby  10  feet. 
The  guncotton  tufts  were  consumed  inby  the  butt  entry  to  station 
E  1150,  or  200  feet  beyond  the  coal-dust  load.  The  tuft  at  station 
E  100  was  tinbumt,  but  the  one  at  station  E  75  was  gone,  so  that  the 
flame  or  hot  gases  extended  for  probably  700  feet  outby  the  butt 
entry,  but  did  not  reach  the  end  of  the  coal-dust  zone. 

Depositions  of  coked  dust  were  noted  on  the  shelving  and  posts 
uniformly  on  the  outby  sides,  both  inby  and  outby  the  butt  entry. 

Manometer  records  were  obtained  at  stations  E  150  and  E  250,  but 
the  pressure  at  station  550  was  too  low  to  be  recorded.  The  maximimi 
pressures  at  stations  150  and  350  were  3  and  8  pounds  per  square 
inch,  respectively.  The  velocity  of  the  flame  from  station  E  750  to 
stafion  E  650  was  97.3  feet  per  second. 

EXPLOSION  TEST  19. 

For  the  igniting  shot  of  the  fourth  test,  made  September  19,  the 
cannon  was  placed  at  the  face  of  the  main  entry,  1,270  feet  from  the 
mouih  of  the  mine,  and  W€«  charged  with  2f  pounds  of  FFF  black 
blasting  powder  and  4  inches  of  dry  clay.  Coal  dust  was  loaded  on 
shelves  throughout  the  main  entry,  the  right  butt,  the  crosscut  at 
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station  1250,  and  from  station  A  1110  to  station  A  1160  at  the  rate  of 
1  pound  per  foot.  A  "  Tafifanel  barrier  "  consisting  of  fifteen  20-incli 
shelves  spaced  6  feet  from  center  to  center  and  loaded  with  finely 
gromid  ^ale  dust  was  installed  in  the  au*  course  from  station  1160 
to  station  1250. 

Samples  of  air  taken  at  the  faces  of  the  entries  failed  to  show 
any  methane.  The  humidity  near  the  face  of  the  main  entry  was  95 
to  97  per  cent.  The  volume  of  incoming  air  on  the  main  entry  was 
8,800  cubic  feet  per  minute. 

When  the  shot  was  fired  only  a  small  cloud  of  dust  appeared  at  the 
main  opening.  The  flame  extended  ordy  to  station  1150,  or  120 
feet  from  the  igniting  shot.  It  passed  through  the  crosscut  and 
about  50  feet  outby  in  the  air  course.  FaUxu^e  to  obtain  an  extended 
propagation  was  probably  due  to  the  dust,  which  had  become  slightly 
dampened,  not  being  raised  as  a  cloud;  and  it  is  possible  that  the 
moistiu*e  on  the  surfaces  of  the  entry  and  water  standing  in  the  side 
ditch  along  the  entry  may  have  cooled  the  igniting  flame. 

A  second  shot  was  fired  after  200  pounds  of  fresh,  dry  coal  dust  had 
been  scattered  for  150  feet  from  the  cannon.  The  flame  did  not 
extend  any  farther  than  in  the  previous  explosion. 

EXPLOSION  TEST  20. 

The  explosion  of  "the  fifth  test  (Sept.  20,  1912)  was  originated  as 
in  the  previous  test  at  the  face  of  the  main  entry.  A  charge  of 
2i  pounds  of  FFF  black  blasting  powder  was  placed  in  a  hole  drilled 
in  the  coal  face  and  cased  with  IJ-inch  pipe.  In  view  of  the  wet 
condition  of  the  mine,  the  cannon,  loaded  with  a  similar  charge,  was 
so  placed  in  the  crosscut  that  the  flame  would  pass  the  outby  comer  of 
the  crosscut  and  cross  the  flame  of  the  shot  in  the  face,  an  arrangement 
that  miners  term  "cross  firing."  The  coal-dust  load  was  doubled. 
In  addition  to  the  1  pound  per  foot  previously  used  on  the  shelves, 
1  pound  per  foot  was  scattered  over  the  damp  floor.  This  load 
extended  throughout  the  main  entry,  through  the  right  butt  entry, 
and  through  the  crosscut  at  station  1250  into  the  air  course  where  a 
Taffanel  barrier  was  placed,  extending  from  the  crosscut  for  60  feet 
outby ;  outby  this,  50  feet  of  coal  dust  was  placed  to  show  whether  the 
flame  would  pass  the  barrier.  Including  the  coal  dust  strewn  on  the 
damp  floor  there  was  about  0.56  ounce  per  cubic  foot  of  (entry  or 
gallery)  space  or  560  grams  per  cubic  meter.  A  total  of  3,000  pounds 
of  coal  dust  was  used  in  the  loading.  This  dust  was  from  the  run-of- 
mine  coal.    A  screen  test  gave  the  following  results: 

Percentage  passing  through  screen.  Mesh. 

100 80 

97.5 100 

93.3 150 

75.9 200 
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The  Taffanel  barrier  consisted  of  10  shelves  20  inches  wide  heaped 
with  shale  dust.  A  feature  unintentionally  introduced,  which  may 
or  may  not  have  increased  the  efficiency  of  the  stopping,  w&s  the 
closing  of  a  light  door  across  the  crosscut  at  station  1250,  and  probably 
did  not  affect  the  velocity  of  the  explosion  wave  passing  into  the  air 
course  where  the  barrier  was  placed. 

It  had  been  decided  to  make  the  explosion  in  quiet  air,  without 
moving  current,  by  shutting  off  the  air  outby  the  explosion  area  in 
Uie  idr  course  and  closing  a  door  in  the  crosscut.  This  door  and  its 
frame  were  totally  destroyed  in  the  explosion. 

The  humidity  at  the  face  was  92  per  cent. 

An  immense  doud  of  smoke  and  dust,  accompanied  by  a  loud 
report,  issued  from  the  main  opening  a  few  seconds  after  igniting 
shots  had  been  fired.  When  the  cloud  had  traveled  to  the  end  of 
dump,  the  flame  shot  out  of  the  opening  and  disappeared  in  the  doud 
100  feet  from  the  opening. 

An  empty  mine  car  standing  50  feet  from  the  opening  was  hurled 
over  a  truck  (a  mine  car  without  sides)  that  had  been  standing  50 
feet  beyond  and  landed,  bottom  up,  in  the  field  opposite,  210  feet 
from  its  first  position;  from  there  it  bounded  21  feet  to  an  upright 
position.  The  truck  was  thrown  off  the  track  75  feet  from  its  &st 
position.  Two  small  telegraph  poles,  50  and  100  feet  from  the 
opening  and  4  feet  east  of  the  center  line,  were  broken  off  near  the 
ground  and  one  was  hurled  294  feet  into  the  field  opposite. 

Ck>nsiderable  damage  was  done  inside  the  mine.  The  concrete  along 
the  springing  line  was  badly  cracked  and  in  a  number  of  places  the 
cracks  extended  across  the  arch.  At  a  point  74  feet  from  the  mouth 
of  the  entry  the  old  concrete  arch  was  Kfted  and  remained  8  inches 
higher  than  a  later  arch  that  had  been  built  beneath  it.  The  posts 
and  shelves  in  front  of  aU  of  the  crosscuts  were  torn  out.  The 
shelving  from  a  point  650  to  a  point  700  feet  from  the  entrance  was 
thrown  down  and  that  from  point  775  to  point  850  was  torn  apart. 
Three  posts  were  found  to  have  gone  inby  to  points  834  and  1025, 
one  being  moved  from  its  former  position  fully  235  feet  in  a  direction 
opposite  that  of  the  explosion.  The  face  of  the  entry  was  half  covered 
with  a  pile  of  broken  boards  and  blocks  that  had  been  thrown  into  the 
face.    The  cannon  in  the  crosscut  was  moved  back  against  the  rib. 

The  Taffanel  barrier  was  thrown  down,  the  shelves  broken  into 
small  pieces,  and  the  shale  dust  from  the  shelves  distributed  along  the 
air  course  for  a  considerable  distance.  The  flame  passed  through 
the  crosscut  but  not  beyond  the  barrier. 

The  18-inch  brick  stopping  in  a  crosscut  at  850  feet  was  blown  out 
and  some  of  the  bricks  were  thrown  into  the  No.  1  left  butt  entry 
opposite,  as  far  as  the  face,  235  feet  distant,  and  others  were  carried 
150  feet  outby  in  tJie  air  course.    The  water  from  a  pool  on  the  air- 
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course  side  of  this  stopping  had  been  thrown  in  the  air  course  outby 
the  crosscut. 

The  track  in  the  air  course  opposite  the  cut-through  was  torn  up 
and  bent  toward  the  No.  1  butt  entry.  Shelves  and  ties  were  broken 
by  flying  bricks.  Track  ties  were  disarranged  for  100  feet  in  this 
butt  entry. 

In  the  main  entry  the  maximum  pressures  registered  by  the 
manometers  in  the  stations  550;  350,  and  150  feet  from  the  mouth  of 
the  mine  were  34,  114,  and  88  pounds,  respectively,  the  highest  pres- 
sure not  being  recorded  by  the  manometer  nearest  the  mouth. 


SPONTANEOUS  COMBUSTION. 


By  HoRACB  C.  Porter. 


Experiments  in  which  powdered  coal  was  heated  to  100°  C.  in  a 
current  containing  50  per  cent  oxygen  have  proved  that  the  process 
of  absorption  of  oxygen  by  coal  (not  producing  CO,)  is  exothermic. 
Furthermore,  the  carbonaceous  material  absorbs  oxygen  more  rapidly 
than  does  pyrite,  thus  showing  that  the  oxidation  of  pyrite  is  not 
the  principal  factor  in  spontaneous  combustion. 

Coal  subjected  to  this  action,  the  absorbing  of  O,  without  forming 
CO2,  decreases  in  calorific  value,  which  is  another  evidence,  as 
Ta£Fanel  has  pointed  out,  that  the  action  is  exothermic. 

Coal  artificially  dried,  or  even  partly  dried,  will  recombine  with 
water,  with  evolution  of  heat.  Fifteen  grams  of  coal  dried  at 
100®  C.  was  exposed  in  a  crucible  to  the  air  of  the  room,  and  in  15 
minutes  its  temperature  rose  from  25°  to  31*^  C.  When  a  few  drops 
of  water  were  added,  the  temperature  rose  quickly  to  38°  C.  More 
precise  experiments  showed  that  this  coal,  when  partly  dried,  so  as  to 
contain  2  percent  water,  developed,  on  being  moistened,  14  ccJories 
per  gram.  Hence,  at  least  a  part  of  the  moisture  of  coal  (expelled 
by  drying  at  100°  C.)  is  held  in  a  form  of  hydration,  not  as  free 
moisture.  In  some  coals  this  rehydration  after  incomplete  "drying 
may  contribute  to  the  initial  spontaneous  development  of  heat. 


THE  DISTILLATION  OF  COAL, 


By  Horace  C.  Porter. 


Ii).  1908  to  1910  experiments*  were  made  to  compare  the  compo- 
sition of  the  volatile  products  obtained  from  different  types  of  coal 
at  different  maximum  temperatures.    These  experiments,  though 

'■ : ■  ' '■ '■ — f-rr- — '• — -— ■ 1— 1-1— ^: — . 

•  Porter,  H.  C,  and  Qyita,  F.  K.,  Tbe  yoiatile  matter  of  coal:  Bull,  l,  Bureau  of  Mjnes,  1010,  M  pp. 
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they  were  imperfect  and  unsatisfactory  in  that  they  involved  a 
somewhat  gradual  heating  of  the  coal  from  room  temperatinre  to  the 
maximum  in  each  test,  and  also  considerable  uncertainty  because 
of  secondary  decomposition  of  the  volatile  products  by  passage  over 
heated  surfaces,  served,  however,  to  bring  out  differences  in  the 
volatile  matter  of  different  coals.^ 

The  results  show  the  followiilg  facts  applicable  to  the  study  of 
coal-dust  explosions  and  possibly  other  mining  problems: 

(1)  The  volatile  products  are  not  entirely  composed  of  combustible 
matter;  the  noncombustible  or  inert  constituents  are  a  large  and 
important  part  of  the  volatile  matter  from  some  coals,  as  shown  in 
the  table  below: 

Compariwn  of  volatile  maUcr  and  combustible  volatile  matter  from  four  American  coals. 


Source  of  ooal. 


PooahoDta8,W.Va 

Pfttobundrbed,  Pa 

Shfiridaa,  Wya  (sabbituininous  coal) 


Volatile 

matter 

Inohiding 

moisture. 


Percent. 
21.4 
31.8 
37.9 
50.0 


Volatile 

matter 

without 

moisture. 


Percent. 

ao.o 

30.7 
30.4 
38.8 


Combustible 
volatile 
matter. 


Percent. 

17.8 
26.0 
21.9 
17.1 


The  inert  constituents  of  the  volatile  matter  are  largely  water  of 
composition  and  CO,. 

Although  the  proportion  of  volatile  matter  may  be  in  some  degree 
a  measure  of  tihe  inflammability  of  a  coal,  inflammability  may 
depend  not  so  much  on  the  percentage  of  volatile  matter  as  on 
some  other  factor  which  varies  as  the  volatile  matter.  Certain 
coals  that  have  a  high  volatile-matter  content  and  are  highly  inflam- 
mable yield,  on  the  other  hand,  a  relatively  small  amount  of  com- 
bustible volatile  matter  and  a  large  amoimt  of  the  noncombustible, 
deadening  materials,  CO,,  and  water,  which  would  be  likely  to  lessen 
the  inflammability  of  the  volatile  products.  The  table  below  shows 
the  results  of  heating  10  grams  of  the  four  coals  mentioned  above 
for  10  minutes  to  a  maximum  temperature  of  600^  C. 

Om^yusttible  ingredients  of  volatile  matter  from  four  coals  (not  including  CO  and  ethylene 

kgdrocarbons). 


Bouroes  of  coal. 


Pocahontas,  W.  Va. 
PUtsbonh  bed.  Pa 

Zdeier.IU 

fiheridan^Wyo 


Higher 

CHiand 

Tar. 

homologUQB 

homo- 

ofCH4 

logues. 

C.  e.  per 

C.  c.  per 

Percent. 

gram. 

ffTun. 

4.4 

11.0 

41.5 

11.5 

19.4 

48.4 

8.2 

6.8 

29.6 

8.6 

7.5 

28.0 

Hydrogen. 


C.  c.  per 

orutH. 
19.1 
21.0 
15.7 
16.6 


•  Siooe  tile  conference  the  boreaa  has  designed  an  apparatus  with  which  a  sample  of  coal  may  be  quickly 
heated  and  the  volatile  products  may  be  quickly  withdrawn  over  cooled  surftoee. 

41d25^— Bull.  82—14 4 
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The  results  support  the  conclusions  drawn  above  from  the  first  table 
on  page  49.  The  high-volatile  Wyoming  and  Illinois  coals  yield  less 
inflammable  gas  than  the  Pocahontas  and  Pittsburgh  coals  and  less 
tar  than  the  Pittsbui^h;  although  inflammability  tests  seem  to  show 
that  the  Wyoming  and  Illinois  coals  are  the  more  inflammable. 

(2)  Although  the  volatile  matter  distilled  from  coal  during  momen- 
tary heating  in  a  coal-dust  explosion  is  doubtless  a  factor  in  the  igni- 
tion of  the  dust,  or  in  the  propagation  of  the  explosion,  other  phases 
of  the  chemical  character  of  the  coal  are  probably  important. 

(3)  The  highly  bituminous  coals,  such  as  those  of  the  Pittsburgh 
bed,  decompose  on  moderate  heating  (not  over  600^  C),  so  as  to 
yield  volumes  of  C^H,  and  other  CH4  homologues  nearly  equal  to 
that  of  CH4.  All  the  coals  tested  give  a  large  yield  of  these  higher 
hydrocarbons  on  moderate  heating.  The  high  heat  of  combustion 
of  these  hydrocarbons  and  their  low  inflammability  limit  may  have 
an  influence  on  the  inflammation  of  dust. 

These  facts  also  lead  to  the  theory  that  different  coals  contain 
different  proportions,  first,  of  substances  yielding  ''paraflBois"  on 
distiUation,  and,  second,  of  substances  yielding  chiefly  CX)„  CO,  and 
water  on  distillation. 


ESCAPE  OF  OAS  FROM  COAIi. 


By  Horace  G.  Porter. 


Coarsely  broken  coal  from  some  mines,  if  placed  in  bottles  as  soon 
as  possible  after  mining  and  kept  at  ordinary  temperature  and  pres- 
sure, liberates  a  remarkable  volume  of  methane.  Practically  the 
same  amount  of  gas  is  set  free  at  atmospheric  pressure  as  in  a  vacuum. 

The  gas  liberated  is  largely  CH4.  A  little  COa  was  found,  but  no 
CO,  H,  or  higher  homologues  of  CH4  (within  the  limits  of  error  of 
the  analysis). 

The  various  coal  types  varied  widely  in  the  amount  and  rate  of 
gas  evolution.^  No  definite  connection  was  observed  between  this 
tendency  and  the  composition  of  the  coal. 

The  largest  evolution  of  CH^  was  0.67  liter  per  kilogram  of  coal  in 
50  days,  from  a  southern  Illinois  coal  from  a  region  where  the  mines 
are  decidedly  gaseous. 

The  tendency  of  a  coal  to  set  free  inflammable  gas,  even  though  the 
coal  be  not  finely  powdered,  must  add  materially  to  the  danger  of  gas 

•  See  Porter,  H.  C,  and  Oviu,  F.  K.,  The  escape  of  gas  fhnn  ooal:  TecknJcal  Paper  2,  Boreaa  of  MJdm, 
1911,  p.  11. 
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cnr  dust  explogions  in  mines.  Not  only  the  suspended  dust  in  the 
atmosphere  of  the  mine,  but  also  the  coarsely  broken  coal  that  lies 
on  the  floorS;  continually  liberates  gas.  In  poorly  ventilated  parts 
of  the  mine  the  accumulations  of  gas  may  become  dangerous. 


WBATHERINO  OF  COAL.  IN  THE  BED.a 


By  HoBACE  G.  Porter. 


Samples  of  coal  were  taken  at  intervals  along  the  entries  at  the 
experimental  mine,  according  to  the  standard  method  used  by  the 
Bureau  of  Mines. 

The  analyses  of  these  samples  computed  to  the  ash-free  and  mois- 
ture-free basis  i^ow  that  the  coal  is  abnormally  low  in  C  and  H  and 
high  in  O  for  a  distance  of  35  to  40  feet  from  the  outcrop.  Beyond 
that  point  there  is  little  variation,  and  the  composition  is  normal. 

A  few  samples  were  reduced  to  dust  and  compared  as  to  inflamma- 
bility. Coal  taken  50  feet  from  the  outcrop  showed  practically^  no 
difference  from  coal  600  feet  from  the  outcrop,  but  coal  1  foot  from 
the  outcrop  was  much  less  inflammable.  The  outcrop  sample  ab- 
sorbed oxygen  and  liberated  methane  much  more  slowly  than  did 
fresh  coal  from  600  feet  in.  The  coal  at  50  feet  in  showed,  in  these 
respects,  some  effect  of  weathering. 

Seemingly  weathering  has  not  materially  affected  the  chemical 
character  of  the  Pittsburgh  coal  at  the  experimental  mine  more  than 
40  {b  50  feet  from  the  outcrop. 


rn 


THE  OXIDATION  OF  COAL. 


By  Horace  G.  Porter. 


The  experiments  made  to  show  the  escape  of  methane  from  coal 
incidentally  called  attention  to  the  rapid  absorption  of  oxygen  by 
coal  at  ordinary  temperatures.  The  rate  of  absorption  seemed  to  be 
affected  by  the  percentage  of  oxygen  in  the  atmosphere  surrounding 
the  coal  and,  of  course,  by  the  kind  of  coal  and  its  fineness  of  division. 

The  possibility  that  this  absorption  may  be  surface  condensation, 
as  with  charcoal,  seems  to  be  precluded  by  the  fact  that  the  oxygen 

•  Porter,  H.  C,  and  Fieldner,  A.  C,  Weathering  of  the  Pittsburgh  coal  bed  at  the  experimental  mine 
Bmoetoii,  Pa.:  Technical  Paper  35,  Bureau  of  Mines,  1914, 35  pp.,  14  figs. 
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absorbed  could  not  be  liberated  again  from  the  coal  either  in  boiling 
water  or  in  a  vacuum  at  high  temperatures.  The  absorption  increases 
rapidly  as  the  temperature  rises.  Only  slight  amounts  of  CO,  are 
produced. 

More  precise  experiments  on  finely  powdered  coal  (80  to  100  mesh 
fineness)  exposed  to  the  action  of  pure  oxygen  at  a  constant  pressure 
approximately  as  that  of  the  oxygen  in  air,  have  shown  remarkable 
variations  in  the  rate  of  oxygen  absorption  by  different  coals. 

Those  coals  that  show  strong  tendencies  toward  infiammability, 
deterioration,  and  spontaneous  combustion  appear  to  have  the 
highest  rates  of  oxidation.  These  are  the  types,  generally  speaking, 
that  contain  a  high  percentage  of  oxygen.  This  coefficient  of  oxidiz- 
ability may  be  an  important  factor  in  the  inflammability  of  coal  dust. 


INTLUENCE     OF     CARBON     DIOXIDE     ON     THE 
EXPLOSIBIIilTY    OF    MINE    GASES.a 


By  J.  K.  Clement. 


Experiments  to  determine  the  influence  of  carbon  dioxide  on  the 
explosibility  of  methane  have  been  made  with  two  objects,- as  follows: 

(1)  To  determine  what  proportion  of  carbon  dioxide  would  have 
to  be  added  to  a  mine  atmosphere  to  render  it  nonexplosive. 

(2)  To  furnish  data  on  the  explosive  limits  in  mixtures  of  methane, 
oxygen,  nitrogen,  and  carbon  dioxide,  with  which  to  interpret  the 
results  of  analyses  of  mine  gas. 

.  The  experiments,  which  were  made  in  a  gas-explosion  pipette  and 
in  a  steel  cylinder  with  a  capacity  of  about  2  liters,  show  these  re- 
sults: 

1.  The  limits  of  explosibility  depend  greatly  on  the  kind  of  igni- 
tion used. 

2.  A  mixture  of  air  and  carbon  dioxide  containing  22.5  per  cent 
CO,  or  more  will  not  form  with  natural  gas  a  mixture  that  is  explo- 
sive in  a  gas  pipette,  with  the  ordinary  type  of  spark  gap. 

3.  By  replacing  the  nitrogen  of  the  air  with  carbon  dioxide,  it  was 
found  that  when  95  per  cent  of  the  nitrogen  was  thus  replaced  no 
mixture  of  natural  gas  would  explode  in  the  gas  pipette.  Hence 
carbon  dioxide,  when  present  in  mixtures  of  natural  gas  and  air, 
reduced  the  explosibility  of  the  mixture  to  a  much  greater  extent 
than  did  the  same  volume  of  nitrogen.  As  carbon  dioxide  does  not 
react  chemically  with  any  of  the  constituents  of  the  mixture,  under 

a  Clement,  7.  K.,  The  effect  of  inert  gases  on  the  inflammability  of  gaseous  mixtures:  Technical  Paper 
48,  Bonaa  of  Mines,  1913, 23  pp. 
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(he  conditions  of  the  experiment,  the  dampening  action  of  carbon 
dioxide  is  probably  to  be  attributed  to  its  high  specific  heat.  The 
mean  specific  heats  between  0°  and  660^  C.  of  carbon  dioxide  and 
nitrogen  are  respectively  10.6  and  7.2. 

4.  As  might  be  expected,  wider  limits  of  explosibility  were  found 
in  the  steel  cylinder  with  an  arc  from  a  22()-yolt  circuit  than  with 
the  spark  from  the  induction  coil. 


THE    SAMPUEXa    AND    CHEMICALi    AKALiTSIS    OF    COAIi 

BUST. 


By  A.  0.  FlELDNIR. 


The  analysis  of  a  complex  and  somewhat  unstable  substance  like 
coal  dust  is  beset  with  difficulties.^  The  determination  of  the  chem- 
ical elements  composing  the  dust  is  a  precise  analytical  operation  that 
can  be  duplicated  by  different  chemists,  and  thus  afford  comparable 
data,  but  to  have  comparable  determinations  of  moisture,  ash« 
Tolatile  matter,  and  fixed  carbon  the  procedure  must  be  made  strictly 
uniform.  Hence,  it  is  important  to  obtain  by  international  cooperar 
tion  the  adoption  of  imiform  methods  for  the  proximate  analysis  of 
coal,  and  thus  permit  direct  comparison  of  the  analytical  data  relating 
to  inflanunability  investigations. 

To  avoid  moisture  changes  during  sampling  and  analysis,  it  is  the 
practice  of  the  bureau's  investigators  to  air-dry  all  samples  of  coal 
and  coal  dust  immediately  on  opening  the  original  sealed  container 
in  which  the  sample  has  been  transported  to  the  laboratory.  The 
loss  in  weight  on  air  drying  is  recorded  and  the  analysis  of  the  air- 
dried  sample  is  computed  to  the  *' as-received,"  as  well  as  to  a  dry 
and  to  a  moisture-free  and  ash-free  basis.  After  the  sample  has 
been  air  dried  it  is  at  once  passed  through  a  set  of  rolls  that  pulverize  it 
to  10-mesh  size,  is  rapidly  mixed  and  reduced  in  an  inclosed  riffle 
sampler  to  500  grams,  which  is  placed  in  the  porcelain  jar  of  a  pebble 
mill  and  sealed  air-tight.  The  mill  is  rotated  until  the  sample  is  of 
sufficient  fineness  to  pass  through  a  60-mesh  sieve.  The  laboratory 
sample  of  about  60  grams  is  preserved  in  a  rubber-stoppered  glass 
bottle.  In  this  manner  there  is  obtained  for  analysis  a  sample  in 
which  the  moisture  content  is  in  approximate  equilibrium  with  the 
atmosphere  and  consequently  will  imdergo  the  minimum  moisture 
change  in  the  time  required  by  the  analj^st  for  weighing  hb  sample. 

•  For  dttailed  methods  of  coal  analysis  see  Stanton,  F.  M.,  and  Fieldner,  A.  C,  Methods  of  analysfng 
cost  sod  ooice:  Tech.  Paper  8,  Bureaa  of  Mines,  1913, 42  pp.,  12  figs. 
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drying 


and  pulverization  in  the  inclosed  pebble  mill  to  1>e  more  accurate 
than  any  other  practical  method. 

PBOZnCATB  ANALYSIS— DETBBMXNATION  OF  MOISTUBE. 

Moisture  in  the  air-dried  sample  is  determined  by  heating  1  gram 
of  the  sample^  placed  in  a  shallow  porcelain  capsule,  for  one  hour  at 
105^  C.  in  an  oven  through  which  is  passed  a  current  of  diy  air. 
The  air  is  dried  by  being  passed  through  sulphuric  acid.  The  sample 
is  then  cooleH  in  a  desiccator  over  sulphuric  acid  and  weighed. 
Loss  in  weight  is  reported  as  moisture.  This  method  for  the  determi- 
nation of  moisture,  although  not  as  accurate  as  drying  in  a  vacuum 
or  in  a  current  of  inert  gas,  is  in  rather  general  use  both  in  this 
country  and  in  Europe. 

There  is,  however,  one  essential  difference  between  the  bureau's 
method  and  the  usual  technical  method.  In  the  oven  an  atmos- 
phere of  air  dried  by  having  been  passed  through  sulphuric  acid  is 
maintained.  The  extent  to  which  a  coal  sample  can  be  dried  by 
heating  varies  with  the  humidity  of  the  surrounding  atmosphere. 
In  the  ordinary  air  bath,  with  stagnant  air,  the  humidity  will  vary 
from  day  to  day,  being  dependent  on  atmospheric  conditions,  and 
will  vary  also  with  the  quantity  of  moisture  coming  from  the  samples 
in  the  oven.  A  nimiber  of  experiments  have  shown  that  the  circu- 
lation of  dry  air  through  the  oven  chamber  gives  higher  and  more 
concordant  results  than  heating  in  sti^ant  air. 

DBTBBMXNATION  OT  ASH. 

Ash  is  determined  by.  igniting  the  sample  in  a  muffle  maintained 
at  a  temperature  of  about  750^  C.  Tlie  part  of  the  mine-section 
sample  previously  used  in  the  moisture  determination  is  used  in  the 
determination  of  ash.  Here  again  there  is  an  opportunity  for  dis- 
agreement between  different  laboratories,  especially  with  coals  con- 
taining notable  quantities  of  calcium  carbonate  and  iron  pyrite. 
On  ignition  the  calcium  carbonate  is  decomposed  and  carbon  dioxide 
driven  off,  either  partly  or  completely,  depending  on  the  temperature. 
The  iron  pyrite  is  changed  to  ferric  oxide,  and,  in  the  presence  of 
lime,  calcium  sulphate  may  be  formed.  Experiments  with  a  certain 
Illinois  coal  have  given  an  ash  percentage  of  14  per  cent  by  ignition 
to  constant  weight  and  complete  combustion  of  carbon  at  a  low  red 
heat,  whereas  at  a  bright  yellow  heat  only  12.5  per  cent  ash  was 
obtained.  Therefore,  there  should  be  a  standard  temperature  for  the 
ash  determination. 
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nBTBBlONATIOK  OT  VOLATXLB  XATTBB  AND  SIZED  OABBON. 

Volatile  matter  is  detennined  by  heating  1  gram  of  the  air-dried 
coal  in  a  weUrbumished,  30-gram  platinum  crucible,  closed  with  a 
well-fitting  cover,  for  exactly  7  minutes  over  the  full  flame  of  the 
No.  3  Meker  burner.  The  crucible  is  supported  on  a  platinum 
triangle  so  that  the  bottom  of  the  crucible  is  2  cm.  above  the  top  of 
the  burner.  The  orifice  of  the  burner  is  adjusted  so  that  the  free- 
burning  flame  is  17  to  20  cm.  in  length.  The  temperature  attained 
in  the  crucible  is  about  960^  C.  The  loss  in  weight,  less  moisture,  is 
called  volatile  matter.^* 

This  determination  is  purely  arbitrary  in  character,  and  duplicate 
results  are  attained  only  by  a  rigid  duplication  of  conditions.  The 
method  used  by  the  bureau  is  essentially  that  recommended  by  the 
American  Chemical  Society  committee  on  coal  analysis.^  It  is 
modified  in  that  the  Meker  burner  is  used  in  place  of  the  Bunsen. 

TJI/rXMATB  AHAIiYSIS. 

The  ultimate  analysis  of  coal  dust  affords  no  particular  difficulty. 
The  usual  method  of  combustion  in  a  current  of  oxygen  is  followed. 
The  products  of  combustion  are  passed  over  red-hot  copper  oxide  to 
uisure  complete  oxidation  and  over  lead  chromate  to  remove  the 
sulphur.  The  water  and  carbon  dioxide  produced  are  absorbed  in 
calcium  chloride  and  caustic  potash,  respectively. 

For  the  determination  of  combustible  or  organic  carbon  in  stone 
dust  or  shale  the  following  method  is  used:  The  pulverized  sample  is 
evaporated  to  dryness  on  the  water  bath  with  hydrochloric  and  hydro- 
fluoric acid,  this  treatment  being  repeated  twice.  The  residue  is  then 
taken  up  with  hydrochloric  acid,  digested,  filtered  on  ignited  asbestos, 
transferred  to  an  oven  and  dried  at  105^  C,  and  then  inmiediately 
placed  in  the  combustion  furnace  and  carbon  and  hydrogen  deter- 
mined in  the  usual  manner.  The  hydrofluoric  and  hydrochloric  acid 
treatment  decomposes  the  inorganic  carbonates  and  hydrous  silicates, 
from  which  the  water  of  composition  is  then  removed  by  drying. 

DBTBBMXNATION  OF  NITBOGSN. 

The  nitrogen  is  determined  by  the  Ghmning-Amold-Dyer  modifica- 
tion of  the  Kjeldahl  method.  No  difficulty  is  experienced  in  obtain- 
ing accurate  results. 


•flkiee  tldi  paper  wm  written,  the  appftratoa  for  determining  volatile  matter  has  been  changed  to  an 
akctilcally  heated  orocible  fOmaoe,  which,  by  means  of  a  thermooonple,  is  maintained  at  050*  0.  The 
eoil  is  heated  In  a  10-c.c  platinum  cmdble  which  Is  closed  by  a  capsule  cover.  More  eonoordant  results 
aie  obtelned  than  with  the  former  method.  ' 

k  Neyes,  W.  ▲.,  HiUebrand,  W.  F.,  and  Dudleyy  C  B.,  Report  of  oommittee  on  coal  analysis:  Jour. 
Am.  CheoL  Soc.,  vol.  31, 1809,  p.  1116. 
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DBTBRIONATION  OT  CALOBIFIO  VAI.I7B. 

Determination  of  the  calorific  value  is  made  with  the  Mahler  bomb 
calorimeter.  The  Bureau  of  Mines  follows  the  usual  American  prac- 
tice of  recording  the  gross  heating  value — ^that  is,  with  all  products 
of  combustion  cooled  to  the  temperature  of  the  calorimeter. 

DETBBHIKATION  OF  SXTLPHUB. 

Sulphur  is  determined  by  the  Eschka  method.  Accurate  results 
are  obtained. 

RESUIVrS  OF  TCXAMTNATION*  OF  COAX  BUST  UNDER  THE 

MICROSCOPE. 


By  Rbinhabdt  Thibssbn. 


FX7BPOSB  OF  EXAMINATION. 

In  the  microscopic  examination  of  coal  dust,  either  as  road  dust,  rib 
dust,  or  in  the  artificially  groxmd  form,  many  important  details  may 
be  observed.  Many  of  these  lead  to  further  investigation,  the  results 
of  which  lead  to  important  conclusions  bearing  on  the  explosibility 
of  coal  dust. 

RELATIVE  SIZE  AND  NXTICBEB  OF  PABTIOLBS. 

In  coal  dust  that  will  pass  through  a  200-mesh  screen  a  compara- 
tively few  of  the  largest  particles  measure  about  50  to  70  microns  in 
diameter."  From  this  size  down  all  imaginable  sizes  to  ultramicro- 
scopical  particles  are  foimd,  and  the  smaller  the  size  the  larger  the 
number.  The  limit  of  visibility  with  ordinary  illumination  is  reached 
with  a  size  of  about  0.25  micron.  The  number  of  particles  still  visible 
in  any  given  field  under  the  microscope  with  ordinary  illumination 
is  enormous.  If  when  a  1  per  cent  mixture  of  coal  dust  and  Canada 
balsam  is  placed  under  a  microscope  field  with  mediimx  magnification 
the  largest  particles  can  be  counted  by  units,  those  particles  that  are 
just  within  the  range  of  ordinary  microscopic  vision  must  run  up 
toward  the  millions.  Under  a  magnification  of  2,00Q  diameters  it 
was  impossible  to  count  them  in  any  given  field.  Although  the 
smallest  particles  visible  have  a  diameter  of  about  0.25  micron,  it  is 
fair  to  assimxe  that  there  are  countless  smaller  particles.  In  fact, 
ultramicroscopic  investigation  reveals  an  enormous  nimiber  of  parti- 
cles not  visible  with  ordinary  microscopic  observation.  Unfortu- 
nately, however,  there  was  no  adequate  means  at  hand  to  determine 
their  number.  It  can  readily  be  seen  that  the  number  of  particles 
in  a  cubic  centimeter  of  coal  dust  is  enormous — almost  beyond 
comprehension. 
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70BM  ANB  STBTTCTUBE  OF  PABTI0I2S. 

Most  of  the  particles  are  angular,  many  approximating  cubical, 
tetrahedral,  or  polyhedral  forms,  some  having  rather  smooth  edges 
and  surfaces,  others  being  irregular,  and  many  showing  numerous 
irr^ular  concave  and  convex  surfaces.  The  specific  surface  of  all  of 
them  is  much  greater  than  that  of  a  sphere,  and  of  the  majority  is 
larger  than  that  of  a  cube. 

Furthermore,  in  observing  minute  particles  of  extremely  thin  coal 
sections,  with  proper  dark-ground  illumination,  or  other  ultramicro- 
scopic  means,  it  is  found  that  most  of  the  particles  that,  under  ordi- 
nary microscopic  vision,  appear  as  if  perfectly  glassy  or  homogeneous 
are  spongy,  or  as  if  composed  of  a  large  number  of  miceUsd;  in  other 
words,  it  IS  shown  that  they  are  not  homogeneous  solids,  but  are 
hi^y  heterogeneous. 

BBOWNIAN  MOVEMENT. 

Another  point  that  deserves  especial  attention  is  the  Brownian 
movement  of  the  fine  dust  particles.  It  is  phenomenally  active  alike 
in  water,  alcohol,  or  xylol.  Even  in  Canada  balsam  it  is  pronounced. 
The  amplitude  is  particularly  large  and  the  translatory  speed  high. 
The  motion  is  not  confined  to  very  fine  particles,  but  may  be  noticed 
in  rather  large  ones;  that  is,  particles  of  a  size  that,  in  other  bodies, 
would  show  no  movement  at  all  here  show  active  movement.  As  the 
cause  of  this  phenomenon  has  never  been  satisfactorily  explained,  no 
reason  for  such  great  activity  in  coal  dust  can  be  given,  but  it  must  be 
significant. 

On  the  dry  dust  the  minute  particles  tend  to  aggregate  in  small 
lumps,  and  aJso  a  great  number  adhere  to  larger  particles. 

A  microscopic  examination  of  coal  dust  shows  that  it  contains 
particles  ranging  from  coarse  to  colloidal.  Furthermore,  the  larger 
proportion  of  the  particles,  if  not  all  of  them,  are  not  true  solids,  but 
are  grouped  into  heterc^eneous  masses,  probably  in  a  biphased  con- 
dition, with  solid-gaseous  siu^aces  of  separation. 

A  microscopic  examination  of  coal  dust  screened  with  a  200-mesh 
screen  shows  that  the  sizes  range  from  70  microns  to  an  ultramicro- 
scopic  size — certainly  below  0.25  micron;  also  that  the  smaller  the 
particles  the  greater  their  number.  As  the  specific  gravity  of  Illinois 
coal  is  about  1 .55, 1 .55  grams  of  coal  dust,  if  the  particles  be  assumed  to 
measure  1  micron,  would  represent  approximately  one  trillion  particles, 
with  an  absolute  surface  of  certainly  more  than  6  square  meters  and 
a  specific  surface  of  60,000;  and  if  the  particles  be  assumed  to  be  0.1 
micron  in  diameter,  there  would  be  approximately  one  quatrillion  of 
them,  with  an  absolute  surface  of  60  meters  and  a  specific  surface  of 
600,000. 
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ABSORPTION  FHBNOKBNA. 

Platinum  sponge  glows  when  exposed  to  hydrogen  because  the 
hydrogen  is  condensed  upon  a  film  of  condensed  oxygen.  Charcoal 
freed  from  air  will  absorb  60  to  80  times  its  volume  of  CO,.  Meer- 
schaum, fuller's  earth,  and  powdered  glass  exhibit  similar  phenomena. 

Mixed  gases  are  absorbed  more  slowly  than  is  a  pure  gas;  one  gas 
is  able  to  suppress  a  second  already  absorbed,  and  the  equilibrium 
is  often  reached  only  after  days.  In  a  mixture  of  two  gases  both  are 
absorbed;  the  one  that  is  absorbed  most  when  alone  is  absorbed  most 
from  the  mixture.  Much  of  the  nature  of  the  absorption  depends  upon 
the  gas  or  gases  already  present;  it  is  also  certain  that  the  nature  of 
the  gas  absorbed  is  of  much  greater  importance  than  the  chemical 
nature  of  the  absorbent. 

The  forgoing  discussion  leads  to  an  inquiry  as  to  whether  coal  dust 
may  show  the  same  phenomena.  Experiments  have  been  made  by 
the  bureau's  investigators,  b^it  the  figures  so  far  obtained  are  not  alto- 
gether reliable,  although  enough  has  been  done  to  show  that  coal  dust 
should  be  classed  with  charcoal,  meerschaum,  fuller's  earth,  etc.,  as 
r^ards  gas  absorption. 

The  bituminous  coal  from  Sesser,  HI.,  used  for  the  experiments  was 

ground  to  200-mesh  fineness,  no  precaution  being  taken  to  keep  it 

from  the  air.    Natural  gas,  oxygen,  carbon  dioxide,  hydrogen,  and 

ammonia  were  used  in  the  test,  no  attempt  being  made  to  remove 

gases  aheady  absorbed  by  the  dust. 

7.688  grams  of  dust  absorbed  32.5  c.c.  of  natural  gas.    In  an  aver- 

y 
age  of  three  experiments-A«5.6,  in  which  V  is  the  volume  in  c.c. 

of  gas  absorbed  and  M  the  weight  of  coal  in  grams. 

After  equilibrium  had  been  established  the  natural  gas  was  re- 
placed by  dry  ammonia  until  the  equilibrium  had  again  been  reached. 
The  total  volume  of  ammonia  absorbed  amounted  to  261.3  c.c.     In 

,  V 

this  caseR-»44. 

The  absorption  of  oxygen  and  carbon  dioxide  was  small,  probably 
because  the  dust  was  already  well  saturated  with  both  gases. 

The  absorption  of  hydrogen  in  6.88  grams  of  coal  dust  was  11.3  c.c. 

These  experiments  must  be  considered  as  preliminary  only.  More 
accurate  apparatus  must  be  devised  to  procure  reliable  results. 
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SAMPIjINO  and  analysis  of  mine  OASES.a 


By  G.  A.  BuRRELL. 


8AXPLING  MINB  GASBS. 

Hitherto  most  of  the  mine-gas  samples  taken  by  the  bureau  have 
been  collected  with  the  aid  of  small  rubber  syringe  bulbs.  Under 
the  present  method  of  sampling,  glass  containers  are  exhausted  at  the 
laboratory  by  means  of  a  vacuum  pump  and  are  sealed  in  a  flame. 
At  the  place  in  a  mine  where  the  gas  sample  is  to  be  collected  a  capil- 
lary glass-tube  extension  on  the  container  is  broken  and  the  mine 
air  fills  the  container.  The  broken  end  of  the  container  is  sealed 
with  a  small  piece  of  soft  wax. 

When  a  sample  is  coUected,  all  data  pertinent  are  recorded,  such 
as  wet  and  diy  bulb  reading,  barometric  reading,  velocity  of  air 
current  Qf  sample  is  taken  in  the  moving  air),  aad  cross  section  of 
area.  Most  of  the  containers  have  a  capacity  of  300  to  350  c.  c.  All 
samples  are  collected  in  duplicate. 

ANALYSIS  OF  MINE  GASES. 

Haldane's  apparatus,  slightly  modified,  is  used  for  much  of  the 
analytical  work.  Carbon  dioxide,  oxygen,  methane,  carbon  mon- 
oxide, and  hydrogen  can  be  determined  with  an  accuracy  of  0.01  or 
0.02  per  cent.  When  more  than  one  combustible  gas  is  present,  a 
determination  of  the  excess  oxygen  is  made.  Carbon  dioxide  is 
determined  by  caustic  potash  absorption,  oxygen  by  alkaline  pjro- 
gallate  absorption,  and  the  combustible  constituents  by  the  slow- 
combustion  method.  The  Haldane  apparatus  is  used  for  those  mix- 
tures containing  less  than  about  5  per  cent  methane. 

The  iodic  acid  method  for  carbon  monoxide  is  used  for  checking 
the  carbon  mouoxide  determinations  made  with  the  Haldane  appa- 
ratus and  for  the  determination  of  smaller  quantities  of  carbon  mon- 
oxide than  can  be  detected  with  that  apparatus.  As  ordinarily  used 
for  the  determination  of  small  quantities  of  carbon  monoxide — 0.3 
per  cent  and  less — ^it  has  been  fouad  that  mine  air  vitiated  by  explo- 
ffions,  explosives,  and  gasoline  motors,  aad  contaiaing  such  small 
quantities  of  carbon  monoxide,  does  not  usually  contain  olefin  hydro- 
carbons or  other  gases  that  reduce  the  iodine  pentoxide  in  sufficient 
quantity  to  necessitate  a  more  complicated  train  than  one  consisting 
of  caustic  potash  solution,  sulphuric  acid,  and  calcium  chloride. 

•B«e  Bnrrell,  O.  A.,  and  Selbert,  F.  M.,  The  sampling  and  examination  of  mine  gases  and  natural 
|m:  BqIL  42,  Bnreaa  of  Mines,  1914,  lie  pp.,  2  pis.,  23  figs. 
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A  special  bulb  burette  has  been  constructed,  consisting  of  eight 
superimposed  bulbs,  each  having  a  capacity  of  100  c.  c.  A  narrow 
constriction  joins  each  bulb,  upon  which  the  graduation  mark  rests. 
With  this  burette  any  number  of  100  c.  c.  of  sample  from  100  to  800 
can  be  used  for  measuring  the  sample  and  forcing  it  through  the  train. 
An  aspirator  bottle  on  the  end  of  the  train  assists  this  displacement. 

APPABATUS  FOR  OTHEB  ANALTSS8. 

For  the  analysis  of  gas  mixtures  containing  large  quantities  of 
CO2,  CX),  CH4,  etc.,  the  apparatus  used  contains  a  burette  with  a 
capacity  of  100  c.  c.  and  is  graduated  in  tenths  of  1  c.  c.  The  burette 
has  the  same  diameter  from  top  to  bottom.  Carbon  dioxide  is 
removed  by  caustic  potash  solution,  oxygen  by  alkaline  pycogallate 
solution,  olefins  by  fuming  sulphuric  acid,  carbon  monoxide  by 
cuprous  chloride  solution,  hydrogen  by  slow  combustion  or  colloidal 
palladium,  and  methane  and  ethane  by  slow  combustion. 

Forms  of  gas-analysis  apparatus  have  been  assembled  for  special 
purposes;  for  example,  a  portable  apparatus  for  the  rapid  deter- 
mination of  methane  by  mine  superintendents,  inspectors,  etc.; 
a  portable  apparatus  for  the  approximate  analysis  of  mine  gases  to 
determine  the  composition  of  the  atmosphere  in  areas  that  have  been 
sealed  because  of  mine  fires;  a  laboratory  form  of  apparatus  for  the 
exact  determination  of  methane  by  chemists  at  coal  mines,  etc. 

Hydrogen  sulphide  is  quantitatively  determined  by  means  of 
standard  solutions  of  sodium  thiosulphate  and  iodine. 

PaUadium  chloride  or  blood  solutions  are  used  for  the  qualitative 
detection  of  carbon  monoxide. 

DETERMINATION  OF  OXIDES  OF  NTTBOGEN. 

Experimental  work  performed  by  the  bureau  has  shown  that 
Busch  and  Guthbeier's  ** nitron"  method,  used  for  the  quantitative 
analysis  of  nitric  acid  and  nitrates,  may  be  used  for  the  determina- 
tion of  small  quantities  of  oxides  of  nitrogen  in  mine  air. 

OHEiaCAL  CONTROL  OF  GAS  MIXTTTltES  USED  AT  THE  PITTSBTJBaH 

STATION. 

Natural  gas  is  used  at  the  Pittsburgh  station  in  forming  the  gas-air 
mixtures  used  for  testing  explosives,  safety  lamps,  electric  motors, 
etc.  The  natural  gas  contains  about  83  per  cent  methane,  16  per 
cent  ethane,  0.03  per  cent  carbon  dioxide,  and  0.97  per  cent  nitrogen. 
Hydrogen,  carbon  monoxide,  and  olefin  hydrocarbons  are  absent. 
A  study  of  the  explosibility  of  the  gas  indicated  that  it  differed 
little  in  that  respect  from  methane,  the  combustible  gas  usually 
foimd  in  mines."     Each  mixture  as  it  is  prepared  at  the  gallery  is 

a  Burrell,  a .  A.,  The  n&taral  gas  used  at  Pittsburgh:  Bull.  15,  Bureau  of  llines,  1912,  pp.  (K^-77. 
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sampled  and  sent  to  the  laboratory  for  analysis.  The  sample  is 
simply  transferred  to  a  gas-analysis  apparatus,  measured,  and  burned 
by  the  slow-combustion  method.  The  contraction  produced  by 
this  combustion  is  measured.  When  the  contraction  produced  by 
the  burning  of  100  c.  c.  of  natural  gas  is  known,  it  is  a  simple  calcula- 
tion to  compute  the  amount  of  natural  gas  in  the  gas-air  mixture 
from  the  contraction  in  volume  it  undergoes  on  burning. 

At  one  of  the  galleries  a  thermocouple  is  used  by  H.  H.  Clark, 
electrical  engineer,  for  determining  the  percentages  of  natural  gas 
in  the  mixtures  he  uses  for  testing  the  safety  of  electrical  apparatus 
m  mines.  The  readings  of  this  thermocouple  were  standardized 
by  gas  analyses. 

OTHEB  METHODS  OF  DETECTING  GASES. 

A  gas  interferometer  has  been  received  by  the  biu*eau,  and  has 
been  fully  tested.     It  gives  satisfactory  results. 

Birds  for  use  in  exploring  mines  are  kept  at  all  the  mine-safety 
stations  and  cars  of  the  bureau.  They  have  been  found  much  more 
sensitive  to  carbon-monoxide  poisoning  than  mice. 

Parafiin  hydrocarbons  in  a  mixture  of  several  are  separated  from 
each  other  by  fractional  distillation  at  low  temperatures. 


MINE-RESCUE  BREATHING  APPARATUS. 


By  J.  W.  Paul. 


APPABATUS  UNDEB  TEST. 

The  biu^au  has  had  under  consideration  and  has  conducted  tests  of 
the  following  types  of  breathing  apparatus: 

Types  of  breathing  apparatus  tested  by  Bureau  of  Min^s. 


Type  of  apparatus. 


V^Badcr 

National  hdmet 

Bvnam's  respirator . . . 
Mcrryman's  respirator . 

SOTUS 

Hall's  eiiMrgney 

Poeumatoeen  II 

AeroUth.... 

WeiUtlia  (Meeo) 


^hMai(Proto). 

Kooiif 

Wt^jii 


Essential  agent. 


Compressed  air 

Fresh  air 

Ozone 

do 

do 

KNaOi 

Liquid  air , 

Compressed  oxygen , 

do , 

do 

Fresh  air 

do , 


Place  of  inventioQ. 


United  States. 

Do. 

Do. 

Do. 

Do. 

Do. 
Austria. 

Do. 
Germany. 

Do. 
England. 
Germany. 

Do. 


The  tests  were  made  in  irrespirable  gases  (sulphur  dioxide,  formal- 
dehyde, and  smoke  from  burning  straw,  excelsior,  etc.)  in  training 
rooms  and  in  gases  following  mine  explosions  and  mine  fires.  The 
plan  of  procedure  of  the  tests  has  been  similar  to  that  adopted  by  the 
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English  Koyal  Commission  as  outlined  in  its  first  report  on  breathing 
apparatus. 

The  tests  made  resulted  in  the  purchase  for  the  bureau  of  a  number 
of  the  Fluess,  Draeger,  and  Westfalia  types  of  apparatus  for  use  in 
mine  recovery  and  rescue  work,  those  types  being  the  only  ones 
available  that  met  the  requirements  'and  local  conditions. 

The  compressed-air  types  were  foxmd  to  be  unsuited  for  use  in 
poisonous  gases,  and  the  diu*ation  of  their  efficiency  with  one  charge 
was  insufficient  for  mine  work. 

The  types  that  generate  oxygen  by  chemical  means  have  so  far 
proved  objectionable  on  accoxmt  of  the  slowness  with  which  they 
liberate  the  required  quantity  of  oxygen  and  the  high  temperature 
and  humidity  of  the  regenerated  air.  No  opportunity  has  as  yet 
been  offered  for  tests  of  the  latest  model  of  the  Pneumatogen  appara- 
tus recently  ordered. 

The  liquid-air  type  has  met  the  laboratory  test  requirements  in  so 
far  that  it  is  light  and  furnishes  a  cool  air  and  in  sufficient  quantity, 
but  it  has  not  been  adopted  for  actual  mine  work  because  of  inability 
to  procure  with  any  degree  of  regularity  a  supply  of  liquid  air  from 
the  factories,  which  are  far  removed  from  the  mining  centers.  The 
manufacturers  of  the  apparatus  have  not  installed  at  any  mine  in  this 
country  an  experimental  unit  for  liquid-air  production,  although  it  is 
known  that  this  type  has  received  much  favor  in  some  parts  of 
Europe. 

Dming  the  past  two  years  so  much  trouble  has  arisen  in  the  use 
of  the  helmet  type  that  its  further  use  is  doubtful,  the  mouth- 
breathing  type  proving  more  desirable. 

TESTS. 

The  gas-tight  smoke  chamber  at  the  experiment  station  has  been 
utilized  for  these  tests,  in  which  formaldehyde,  sulphur  dioxide,  and 
smoke  have  been  used.  Repeated  tests  with  different  subjects  have 
been  made  with  the  various  types  of  apparatus,  the  tests  extending 
over  periods  of  two  hoiUB,  during  which  frequent  observations  have 
been  made  as  to  the  composition  of  the  breathable  air,  and  the  pulse, 
respiration,  and  physical  condition  of  the  subject.  With  the  three 
types,  Draeger,  iluess,  and  Westfalia,  the  subjects  have  had  no 
(Ufficulty  in  performing  their  prescribed  tasks  uninterruptedly  imtil 
the  exhaustion  of  the  supply  of  oxygen  in  the  bottle. 

The  individual  record  of  each  person  trained  with  the  breathing 
apparatus  constitutes  a  test  of  the  apparatus  used.  The  use  of  the 
apparatus  in  mine-recovery  work  also  constitutes  a  test  of  the  effici- 
ency of  the  apparatus,  as  a  record  of  the  behavior  of  the  apparatus 
and  its  wearer  and  analyses  of  the  mine  atmosphere  obtained  are 
recorded. 
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T&AININa  AND  BB00SD8. 

On  the  seyen  mine-safety  cars  and  at  the  six  rescue  stations  a 
course  of  training  is  prescribed  for  miners  and  mine  officials  who  wish 
to  qualify  for  a  certificate.  This  course  covers  instruction  in  the 
mechanical  construction,  assembling,  charging,  and  care  of  the 
apparatus,  and  training  in  its  use  in  mines  and  in  training  quarters 
in  the  presence  of  irritating  fumes  and  smoke.  Training  for  two 
hours  each  day  for  six  days  is  required  for  the  completion  of  the 
iDstruction  and  training  for  those  who  are  certified  by  the  medical 
examiner  as  being  in  proper  physical  condition  to  take  the  coiu:8e. 
In  addition  to  the  rescue  training  the  applicant,  to  obtain  a  certificate, 
is  required  to  complete  the  course  in  first-aid  work. 

AOOIDBNTS  IN  TTSINa  BBBATHXNG  AFPABATtTS. 

Two  experienced  foreman  miners  in  the  employ  of  the  bureau  have 
lost  their  lives  while  wearing  apparatus  within  mines.  The  first  death 
appears  to  have  been  due  to  exposure  to  poisonous  gases  inmiediately 
prior  to  putting  on  the  apparatus,  and  to  penetrating  then  the  area 
filled  witii  the  gases  from  a  mine  fire.  The  other  death  was  due  to 
failure  of  the  mechanical  construction  of  the  cooler  of  the  apparatus 
wom,  which  permitted  the  gases  from  a  mine  fire  to  enter  the  circulat- 
ing system  of  the  apparatus. 

UlCK  of  8TANDABDIZATION  OT  PABT8. 

Some  difficulty  has  been  experienced  from  reducing  valves  failing 
to  deliver  the  required  quantity  of  oxygen.  Upon  testing  new  valves 
it  is  found  that  they  fmnish  varying  quantities  of  oxygen  and  at 
Taiying  pressm-es,  showing  a  lack  of  standardization  at  the  factory. 

At  l^e  suggestion  of  the  writer,  the  Draeger  factory  (Lubeck)  has 
recently  submitted  two  apparatus,  one  equipped  with  double  reduc- 
ing valves  which  may  be  operated  separately  or  in  unison,  and  a 
second  equipped  with  a  by-pass  valve  for  emergency  use. 

BQXTIPSiBNT  OF  THB  BXJBBATT  AND  BL8BWHEBE. 

The  following  constitute  the  breathing-apparatus  equipment  of 
tbe  bureau: 

Dtaeger,  1904-7  type * .  18 

Dta^er,  1910  type 47 

Draper,  1911  tyi)€ 16 

Draeger,  J-hourtype 3 

WeatEalia 36 

Plue8B(Proto) 8 

AeroUth 5 

Pneumatogen  II« 1 

Koenig  FziBeh  Air 1 

Weet&lia  Freeh  Air 4 

HaU's  Emeigency 30 

Total 169 

oModtimordflfed. 
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There  are  now  installied  at  mines  in  the  United  States  about  1 ,000 
breathing  apparatus,  principally  of  the  Draeger,  Pluess,  and 
Westf  alia  types. 

Private  rescue-training  stations  have  been  equipped  for  training 
and  emergency  work  in  several  of  the  States,  and  seven  railroad  cars 
for  such  work  have  been  put  in  service  by  different  mining  companies, 
and  three  by  the  State  of  Illinois. 

The  schedule  of  training  that  the  biureau  uses,  together  with  the 
form  for  reporting  the  work  accomplished  by  the  person  who  may 
wear  the  apparatus,  and  the  physician's  examination  card  axe  described 
in  pubhcations  of  the  bureau.^ 

The  extent  to  which  persons  trained  should  be  tested  to  ascertain 
the  cumulative  physiological  effects  of  artificial  breathing  so  far  as 
the  tests  will  determine  the  adaptability  of  certain  persons  for  rescue 
service  is  a  matter  upon  which  the  advice  of  this*  conference  should 
be  beneficial. 

The  advisability  of  training  with  compressed  air  in  the  oxygen 
bottle  and  discharging  the  e^aled  air  to  the  atmosphere  to  avoid 
the  expense  of  upkeep  for  oxygen  and  regeneration  is  also  suggested 
as  a  subject  for  discussion  and  advice. 


MINERS'   SAFETY  IiAMPS. 


By  J.  W.  Paul. 


I«AHP  TB8TS  CONDTJCTED  BT  BtTBSATJ. 

The  schedule  of  tests  of  miners'  safety  lamps  (those  burning  oil, 
naphtha,  and  acetylene)  has  for  its  purpose  the  determination  of  the 
following  details: 

1.  The  liability  of  the  flame  of  the  lamp  to  ignite  explosive  mix- 
tures of  air  and  gas  under  velocities  of  200  to  3,000  feet  per  minute 
in  horizontal  currents  and  in  ascending  and  descending  and  vertical 
and  oblique  currents. 

2.  The  liability  of  the  flame  to  ignite  external  mixtures  of  gas  and 
air  when  subjected  to  sudden  concussion. 

3.  The  effect  of  small  percentages  of  explosive  gas  upon  the  flame 
of  the  lamp  and  the  effect  of  inert  gases  when  present  with  explosive 
gas. 

4.  The  liability  of  various  types  of  internal  igniters  to  fire  gas  out- 
side of  the  gauzes  of  the  lamps. 

a  Paul,  J.  W.,  The  use  and  care  of  mine  rescue  apparatus,  Miners'  Circular  4,  Bureau  of  Mines,  1911, 
24  pp.;  Training  with  mine-rescue  breathing  apparatus.  Technical  Paper  29,  Bureau  of  Mines,  1912, 16  pp. 
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5.  The  effect  of  the  heat  of  the  lamp  flume  on  glass  chimneys,  and 
the  effect  of  impact  on  the  frame  and  the  glass  chimney. 

6.  The  candlepower  of  the  lamp  and  length  of  time  it  will  bum. 

7.  The  mechanical  construction  and  stability  of  the  lamp. 
He  lamps  are  subjected  to  the  following  tests: 

1.  A  lamp  being  tested  is  placed  in  mixtures  of  air  and  explosive 
natural  gas  haying  6,  8,  and  10  per  c^nt  of  gas,  moving  at  a  velocity 
of  200  to  3,000  feet  per  minute,  to  determine  the  velocity  at  which 
the  lamp  may  ignite  the  mixture  surrounding  the  lamp.  The  cur- 
rent is  made  to  move  against  the  lamp  in  a  horizontal  direction  and 
whfle  ascending  and  descending  vertically  and  obliquely. 

2.  Upon  the  completion  of  the  series  of  tests  as  here  outlined,  the 
lamps  are  given  tests  similar  to  those  outlined  in  the  preceding  para- 
graph with  the  mixture  of  air  and  gas  under  pressure. 

3.  Under  the  conditions  outlined  in  1,  coal  dust  is  introduced  into 
the  current  of  air  and  gas  to  determine  its  effect,  if  any,  upon  assist- 
ing the  ignition  of  the  external  mixture  of  gas  and  air. 

4.  The  lamps  are  placed  in  a  mixture  of  air  and  varying  percentages 
of  explosive  natural  gas  to  determine  the  action  of  the  gas  on  the 
flame  of  the  lamp. 

5.  The  lamp  is  placed  in  a  mixture  of  air  and  explosive  gas  and 
varying  percentages  of  carbon-dioxide  gas  to  determine  the  action  of 
the  gas  mixture  on  the  flame  of  the  lamp.  •^ 

6.  Lamps  equipped  with  internal  igniters  are  placed  in  explosive 
mixtures  of  air  and  gas  in  a  quiet  state  and  in  a  moving  ciurent  and 
the  effect  on  the  mixture  surrounding  the  lamp  of  operating  the 
igniter  is  observed. 

7.  The  oils  (illuminants)  used  within  the  lamps  are  tested  as  to 
their  viscosity,  gravity,  flash  point,  congealing  point,  and  composi- 
tion. 

8.  A  safety-lamp  globe  is  tested  by  placing  the  globe  in  position 
in  the  lamp  and  allowing  the  flame  of  the  lamp  to  impinge  against 
the  globe  for  a  period  of  5  minutes  after  the  lamp  has  been  burning 
with  a  fuU  flame  for  10  nunutes,  to  determine  whether  the  globe  will 
break. 

9.  A  safety-lamp  globe  is  mounted  within  a  lighted  lamp  with 
upfeed  and  placed  for  6  minutes  in  an  explosive  mixture  of  air  and 
gas  moving  at  1,000  feet  per  minute,  to  determine  whether  the  heat 
will  break  the  glass,  and  to  note  the  character  of  the  fracture. 

10.  A  safety-lamp  globe  is  broken  by  impact,  by  allowing  the  globe 
to  fall  by  gravity  upon  a  block  of  seasoned  white  oak,  the  distance 
the  globe  falls  being  recorded. 

11.  A  safety-lamp  globe  is  mounted  within  a  safety  lamp  and  when 
m  a  horizontal  position  a  steel  pick  of  100  grams  weight  is  permitted 
to  fall  a  sufficient  distance  to  break  the  globe, 

41625'^— Bull.  82—14 5 
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12.  To  detennino  the  candlepower  of  a  safety  lamp,  a  photometor 
equipped  with  a  standardized  lamp  is  used.  The  candlepower  is 
determined  along  a  line  at  right  angles  to  the  axis  of  the  flame^  also 
at  angles  to  the  axis  of  the  flame,  both  above  and  below  the  horizontal. 
The  candlepower  is  read  at  frequent  intervals  during  the  time  the 
flame  bums  with  a  full  charge  of  fuel. 

13.  The  time  a  safety  lamp  will  continue  to  bum  with  a  full  charge 
of  illuminfiUQt  is  determined. 

14.  The  wick  of  a  lamp  is  of  sufficient  length  always  to  be  in  con- 
tact with  the  bottom  of  the  vessel  in  which  the  illuminant  is  con- 
tained and  before  being  used  the  wick  is  dried  to  remove  moisturo. 

15.  To  test  the  stability  of  the  lamp,  it  is  permitted  to  fall  by 
gravity  from  different  heights,  and  the  lamp  is  suspended  and  sub- 
jected to  sudden  violence  by  dropping  known  weights  attached  by 
cable  to  the  lamp. 

APPABATTTS  USED  IN  TESTING. 

For  tests  in  moving  currents  of  gas  and  air  a  horizontal  steel  gallery 
6  inches  wide,  12  inches  high,  and  20  feet  long,  having  a  vertical  and 
two  45-degree  compartments,  is  used.  This  is  similar  in  detail  to 
the  galleries  used  at  Frameries,  Belgium,  and  at  Gelsenkirchen,  Ger- 
many. At  the  exhaust  or  outlet  end  is  a  steam  ejector  which  may 
be  used  for  aspiration,  and  at  the  intake  end  is  a  blowing  fan,  10 
inches  by  24  inches,  which  may  be  used  for  driving  the  air  through 
at  a  pressure  slightly  above  atmospheric.  The  calibration  of  the 
gallery  was  much  simplified  by  the  use  of  the  fan,  to  the  exclusion 
of  the  ejector.  A  ''Schomdorff "  apparatus  will  be  attached  to  the 
gallery  for  igniter  tests. 

The  apparatus  for  testing  under  concussion  is  similar  to  that  used 
at  the  University  of  Leeds,  England,  and  consists  of  a  3-inch  pipe, 
15  feet  long,  having  a  diaphragm  at  a  central  point  and  a  perforated 
coil  into  which  the  lamp  is  placed  for  testing. 

For  testing  for  flame  caps  a  gallery  8  feet  long,  24  inches  high,  and 
8  inches  wide,  equipped  with  diaphragms  for  mixing  gas  and  air,  and 
a  fan  for  a  slow  movement  of  the  mixture  is  installed.  This  is  sim- 
ilar in  constmction  to  the  gallery  used  for  the  same  purpose  at  the 
Birmingham  University,  Birmingham,  England,  though  the  method 
of  operation  is  different. 

Tests  of  igniters  are  made  in  a  moving  current  of  gas  and  air 
in  lamp  gallery  1,  and  in  still  atmosphere  in  gallerv"  3,  which  is  a  steel 
box  24  by  18  by  18  inches. 

In  the  heat  test  of  lamp  chimneys  the  flame  of  the  lamp  is  permitted 
to  impinge  on  a  chimney  for  five  minutes;  if  the  chinmey  is  broken, 
the  nature  of  the  fracture  is  determined. 
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In  the  impact  test  the  chimney  is  permitted  to  fall  on  a  block  of 
wood;  also  a  small  anvil  weighing  100  grams  is  allowed  to  fall  on 
the  chimney,  the  height  of  fall  required  to  break  the  chimney^  and 
the  character  of  the  break  being  noted. 

The  candlepower  of  the  lamps  is  determined  by  the  use  of  a  Leeds 
i  Xorthrup  precision  photometer  of  the  ''Reichsanstalf  pattenii 
using  the  Lummer-Brodhem  comparison  screen.  The  standard  of 
comparison  is  a  Mazda  tungsten  lamp  of  2  candlepower  at  10  volts 
and  0.227  am]>ere,  standardized  by  the  United  States  Bureau  of 
Standards. 

LAMPS  TESTED. 

The  following  types  of  lamps  have  been  procured  and  subjected  to 
preliminary  and  official  tests: 


Type.  ^liere  manufactured. 

Wolf Germany. 

Seippel  (bonneted ) Do. 

Selppel  (unbonneted) Do. 

Schenk Do. 

Piekr Do. 

Ackroyd  <fc  Best England. 

Dayis Do. 

Clowes Do. 

Stokes Do. 

A^hworth  -Hepple  -  Wbite- 

Giay Do. 

Siombathy Austria. 


Type.  Wheie  manuflMStniwL 

Davy United  Statok 

Clanny  (bonneted) Do. 

Glanny  (unbonneted) Do. 

Mueseler Do, 

Amencan  naphtha Do. 

Routledge-Johnson England. 

Thomas Da 

Beard  Deputy United  States. 

Naylor England. 

Marsaut Do, 

Chesneau France. 


USQIBIiATION  BELATINa  TO  SAFETY  LAKPS. 

The  State  of  Pennsylrania  is  the  first  and  only  State  to  adopt  a  list 
of  permissihle  safety  lamps.  Legislation  of  1912  requires  that  all 
types  of  safety  lamps  used  in  the  bituminous  mines  of  the  State  shall 
hare  the  approval  of  the  State  department  of  mines.  The  tests 
made  by  this  bureau  have  been  accepted  by  the  department  of 
mines  of  Pennsylvania,  and  the  following  types  of  bonneted  safety 
lamps  have  been  approved  by  the  State  mining  department  for  gen- 
eral use  in  the  bituminous  mines  of  Pennsylvania  if  the  velocity  of  the 
ventilation  current  ranges  from  600  to  1,500  feet  per  minute:  Clanny, 
Davis  Deputy,  Wolf,  Schenk  (new  type),  Seippel,  and  Ackroyd  & 
Best. 

The  tests  of  igniters  is  in  an  experimental  stage.  Only  within 
Tccent  months  have  cerium  alloy  igniters  made  their  appearance  in 
America.  The  igniters  generally  in  use  are  of  the  tape  design.  Some 
percussion  igniters  were  introduced  about  two  years  ago,  but  because 
of  their  disrepute  in  Europe  they  were  withdrawn  upon  advice  from., 
this  bureau. 
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PBOPOSED  TESTS. 

The  influence  of  coal  dust  in  the  presence  of  moving  currents  of 
mixed  gas  and  air  in  aiding  the  passage  of  flame  through  the  gauze 
of  a  safety  lamp  provided  therewith  and  the  action  of  the  flame  of  a 
safety  lamp  in  the  presence  of  methane,  carbon  dioxide,  and  air  will 
be  investigated  iu  future  tests. 

The  relative  safety  of  lamps  when  tested  in  mixtures  of  gas  and  air 
under  different  velocities  and  above  the  normal  atmospheric  pressure 
will  be  determined.  As  yet  no  results  of  any  such  tests  that  may 
have  been  made  in  Europe  have  been  received. 


INVESTIQATION  OF  EXPI.OSION-PROOF  EliECTRICAL 

EQUIPMENT. 


By  n.  H.  Clark. 


Several  months  ago  the'  biu*eau  completed  an  iavostigation  of 
several  explosion-proof  motors. 

Five  motors  were  investigated,  but  the  protection  of  two  of  them 
was  too  crude  to  be  of  interest.  Of  the  three  that  operated  well,  one 
was  protected  by  three  layers  of  gauze  covered  by  a  poppet  valve. 
Another  was  protected  by  several  layers  of  gauze  laid  between 
heavy  plates  of  perforated  metal  and  inclosed  in  a  bronze  housing 
with  a  baffle-plate  discharge  opening.  The  third  motor  was  pro- 
tected by  plates  arranged  after  the  German  practice.  This  machine 
was  built  after  the  designs  of  the  Allgemeine  Electricitat  Gesell- 
schaft. 

All  of  the  protective  devices  were  vulnerable.  The  type  embrac- 
ing gauze  and  a  poppet  valve  seemed  to  work  fairly  well,  although 
it  allowed  flames  to  be  discharged  through  the  reUef  openings.  How- 
ever, ignition  rarely  occurred  unless  both  poppet  valves  were  open 
when  the  gas  within  the  motor  casing  was  ignited.  With  the  poppet 
valves  open,  puncture  ^  usually  occurred.  The  motor  that  was  pro- 
tected by  poppet  valves  was  equipped  with  two  of  these  devices. 
If  one  valve  was  fastened  shut  and  the  other  left  open,  ptmcture  was 
not  likely  to  occur.  Thtis  the  conclusion  was  reached  that  the  trouble 
was  due  to  the  low  pressing  maintained  by  the  explosion  when  it 
was  initiated  with  both  valves  open.  The  temperature  of  the  dis- 
charged gases  was  no  doubt  affected  by  the  way  in  which  they  ex- 
panded upon  leaving  the  lip  of  the  poppet  valves,  and  this  expan- 

aSee  Clark,  II.  11.,  An  investigation  of  explosion-proof  mine  motors:  Bull.  46,  Bureau  of  Mines,  191J, 
44 pp., 6  pis.,  14  figs. 

b  The  term  puncture  refers  to  tbe  ignition  of  gas  surrounding  the  motor  by  flames  Issuing  from  the  motor 
casing. 
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sioD  depended  upon  the  pressure  generated  within  the  motor  casing 
bj  the  explosion. 

The  device  that  used  sheets  of  gauze  laid  between  metal  plates 
worked  perfectly  with  gas  alone,  but  punctured  when  coal  dust  was 
pr^ent  just  outside  of  the  outer  plate.  My  hypothesis  of  this  is  as 
follows:  The  gauzes  chilled  the  dischai^d  gases  that  passed  through 
them  first  and  these  gases  filled  with  noncombustible  material  the 
space  just  outside  the  gauzes,  so  that  when  the  later  flames  emerged 
through  the  gauzes  there  was  nothing  to  ignite  and  propagate  the 
flame.  When  dust  is  present,  however,  it  is  thrown  up  in  a  cloud 
by  the  first  blast  of  the  explosion,  and  the  later  flames  raise  the  dust 
to  its  ignition  temperature,  although,  on  account  of  deficiency  of 
oxygen,  it  can  not  burst  into  flame  imtil  it  reaches  the  outside  air, 
where  the  dust  tak^  fire  and  ignites  the  gas  surrounding  it.  In 
support  of  this  hypothesis,  when  puncture  occurs  no  flames  are  seen 
to  issue  from  the  discharge  openings,  but  the  explosion  seems  to 
initiate  from  a  point  several  inches  outside  them. 

The  plate  protection  was  adequate  as  long  as  the  motor  was  at 
rest,  but  when  the  motor  was  running  the  fan  that  was  attached  to 
the  armature  shaft  refilled  the  motor  casing  with  gas  and  caused  a 
series  of  explosions  that  eventually  heated  the  plates,  so  that  they  no 
longer  prevented  the  passage  of  flames,  which  finally  shot  out  6  or 
8  inches  beyond  the  discharge  openings  and  ignited  the  gas  surround- 
ing the  motor. 

I  shall  Be  glad  to  hear  a  discussion  as  to  the  best  form  of  protective 
device  and  as  to  a  suggested  specification  for  covering  "permissible 
motors";  also  as  to  whether  such  a  motor  should  be  permitted  to 
discharge  flames  even  though  no  puncture  occurs ;  as  to  how  many  trials 
should  be  made;  as  to  how  we  should  regard  a  motor  that,  when 
running,  permits  the  occurrence  of  several  successive  explosions 
within  the  motor  casing;  and  as  to  whether  a  motor  should  be  con- 
sidered imless  satisfactory  flame-proof  starting  devices  are  suppUed 
and  tested  with  it. 

IGNITION     OF     GAS     BY    STATIONARY    INCANDESCENT 

IiAMPS.« 


By  H.  H.  Clark. 


The  bureau  has  just  completed  an  extensive  investigation  of  such 
incandescent  lamps  as  are  used  for  general  illumination  in  mines. 

About  1,200  lamps  were  tested.  They  varied  in  voltage  from  60 
to  225  and  in  candlepower  from  8  to  50.  Most  of  them  had  carbon 
filaments. 


>  See  Clark,  H.  H.,  and  Ilsloy,  L.  C,  Ignition  of  mine  gasos  by  the  filaments  of  incandescent  electrie 
li.Tp^:  Bull.  52,  Bureau  of  Mines,  1913, 31  pp.,  «  pLs.,  2  fips. ;  also  Clark,  H.  H.,  Ipnition  of  mine  pas  by 
m  jiiaiure  electric  lamps:  Technical  Paper  23,  Bureau  of  Mines,  1912,  5  pp. 


70       INTERNATIONAL   CONFERENCE   OP   MINE-EXPERIMENT   STATIONS. 

The  tests  were  made  by  smashing  the  lamps,  by  breaking  off  the 
tips,  and  by  pimching  a  hole  in  the  necks  of  the  lamps.  Tests  were 
also  made  with  the  naked  filaments. 

The  favorable  residts  obtained  with  such  lamps  as  did  not  ignite 
the  gas  were  confirmed  by  increasing  the  im|)res8ed  voltage  until 
ignition  was  produced  when  the  lamp  was  smashed. 

The  results  of  the  tests  showed  that  all  the  daases  of  lamps  tested 
will  ignite  gas  under  certain  conditions,  although  some  lamps  are  less 
likely  than  others  to  cause  ignition.  The  lamps  most  used  in  the 
mines  of  this  country  (16  candlepower,  110-volt)  gave  five  ignitions 
out  of  62  trials  in  the  smash  test  and  three  ignitions  out  of  23  trials 
in  the  tip-breaking  test.  The  over-energy  test  also  showed  this  lamp 
to  be  close  to  the  danger  line. 

There  are  two  points  that  I  would  be  glad  to  have  discussed — one 
is  the  most  efiGicient  means  for  protecting  lamps  from  breakage  after 
they  are  in  place  underground,  and  the  other  is  the  ultimate  cause  of 
the  gas  ignition. 

In  58  tests  in  which  the  gas  was  ignited,  the  filaments  continued 
to  glow  from  2  to  59  seconds  after  ignition  had  taken  place,  indicating 
that  glowing  filaments  may  ignite  gas. 

Fifty  tests  made  upon  50,  60,  and  120  watt,  1 10-volt  lamps  shelved 
a  greater  percentage  of  ignitions  when  the  lamps  were  connected 
in  multiple  than  when  they  were  connected  in  series,  although  the 
breaking  spark  was  drawn  at  110  volts  in  the  former  tests  as  against 
550  volts  in  the  latter.  This  result  seems  to  show  that  the  unassisted 
spark  can  not  ignite  gas. 

By  breaking  a  noninductive,  650-volt  circuit  between  a  steel  con- 
tact and  a  carbon  contact,  it  was  found  that  when  the  current 
exceeded  0.15  ampere  an  ignition  was  always  obtained  when  the 
circuit  was  opened.  Yet  10  tests  made  with  five  1 10-volt  lamps 
connected  in  series  across  550  volts  produced  no  ignition,  although 
the  filament  of  the  tested  lamp  carried  one-half  an  ampere,  and  the 
spark  must  have  been  drawn  at  550  volts.  Neither  were  ignitions 
obtained  from  11  similar  tests  made  with  lamps  carrying  approxi- 
mately 1  ampere. 

I  believe  that  the  spark  that  is  drawn  when  a  lamp  filament  is 
broken  is  to  a  great  extent  "blown  out"  by  the  entering  current  of 
gas.  To  prove  this  point,  a  50-watt,  55-volt  naked  filament  -was 
connected  in  series  with  noninductive  resistance,  and  0.5  ampere 
(one-half  normal  current)  at  110  volts  was  passed  through  the 
circuit.  The  filament  was  then  broken  by  gradual  pressure  which 
distorted  it  until  it  snapped  off.  Five  ignitions  were  obtained  from 
SIS  tests  made  in  this  way.  Similar  lamps  were  then  connected,  in 
series  with  noninductive  resistance  across  550  volts,  and  the  filaments 
were  disrupted  by  smashing  the  lamp  bulbs.      Five  tests  were  made. 
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three  at  0.6  ampere  and  two  at  0.7  ampere.  No  ignition  was  obtained 
in  any  of  the  five  trials,  although  the  current  was  20  to  40  per  cent 
greater  and  the  Toltage  400  per  cent  greater  than  in  the  five  tests 
that  gave  ignitions  with  the  naked  filaments.  It  is  therefore  mani- 
fest that  the  inrushing  gas  has  a  quenching  effect  upon  the  spark. 

Five  tests  were  then  made  by  connecting  a  175-watt,  55-volt  lamp 
(normal  current  3.5  amperes)  in  series  with  a  noninductive  resistance 
of  such  value  that  2.25  amperes  flowed  through  the  filament  when 
550  volts  was  impressed  across  the  lamps  and  resistance.  The  lamp 
was  surrounded  with  gas  and  smashed  while  carrying  this  current. 
Xo  ignition  resulted  from  five  trials,  although  the  current  broken  was 
somewhat  greater  and  the  voltage  ten  times  greater  than  in  the  tests 
of  lamps  that  invariably  produced  ignition  when  broken  while  burn- 
ing under  nonnal  conditions. 

It  is  manifest  that  the  spark  alone  did  not  cause  these  ignitions,  if 
ignition  could  not  be  caused  by  a  similar  spark  with  ten  times  the 
voltage  behind  it. 

I  am  inclined  to  believe  that  the  likelihood  of  gas  ignition  by  the 
standard  carbon  filament  is  directly  proportional  to  the  cross  section 
of  the  filaments.  The  filaments  of  24  different  types  of  standard  lamps 
were  measured  by  Reinhardt  Thiessen,  assistant  chemist,  and  the  cross 
sections  of  the  filaments  were  compared  with  their  tendency  to  ignite 
gas  as  expressed  in  percentage  of  ignitions  obtained  in  a  given  number 
of  trials.  AU  filaments  having  a  cross  section  of  0.000 177  square  centi- 
meter, or  less,  failed  to  ignite  gas  when  the  lamps  were  smashed.  All 
filaments  having  a  cross  section  of  0.000234  square  centimeter,  or 
more,  invariably  ignited  gas  under  the  same  conditions,  whereas 
filaments  having  a  cross  section  of  0.000194  square  centimeter 
Ignited  gas  in  50  per  cent  of  the  trials,  and  filaments  having  a  cross 
section  of  0.000215  square  centimeter  ignited  gas  in  83  per  cent  of 
the  trials.  It  is  true  that  a  similar  relation  existed  between  the 
current  fiowixig  in  the  filaments  and  the  percentage  of  ignitions  that 
they  gave,  but  I  do  not  regard  this  relation  as  significant,  because  I 
believe  that  the  spark  that  is  drawn  when  a  filament  is  broken  is  not 
responsible  for  the  ignition  of  gas. 

If  the  bulb  of  a  glowing  incandescent  lamp  is  smashed  while  sur- 
rounded by  an  explosive  mixture,  and  if  the  filament  is  not  broken 
by  the  jar  of  the  blow,  the  filament  is  first  cooled  by  the  inrushing 
gas  and  then  broken  by  it.  Of  course,  the  cooling  and  the  breaking 
are  almost  simultaneous,  but  I  believe  that  ignition,  if  it  occurs,  takes 
place  during  the  period  of  cooling  and  before  the  filament  is  broken. 
If  this  hypothesis  is  correct,  there  are  two  reasons  why  large  fila- 
oxents  ignite  gas  more  readily  than  smaller  ones.  First,  the  tempera- 
ture of  the  larger  filaments  is  not  reduced  so  greatly  before  they  are 
broken,  and,  second,  the  larger  filaments  do  not  succumb  so  quickly 
to  the  breaking  action  of  the  inrushing  gas. 
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PORTAJBI^  ELECTRIC  I^MPS  FOR  MINE  SERVICE.^ 


By  n.  H.  CuLRK. 


The  bureau  is  now  preparing  to  conduct  an  investigation  of  portable 
electric  lamps  for  use  in  mines.  Besides  dry-battery  flash  lamps 
there  are  now  on  the  market  at  least  half  a  dozen  American  portable 
electric  lamps. 

The  bureau  feels  that  the  introduction  of  the  electric  lamp  will 
increase  safety  in  mines  whether  gaseous  or  not,  and  hopes  to  stimu- 
late interest  in  the  manufacture  and  use  of  such  lamps  by  thoroughly 
investigating  as  many  as  can  be  obtained,  for  the  purpose  of  making 
a  report  that  shall  deal  with  the  efficiency  and  cost  of  maintaining 
the  lamps  as  well  as  with  their  liability  to  ignite  gas  accidentally. 

Of  the  six  kinds  of  American  lamps  immediately  available,  two 
are  of  the  self-contained  type,  the  lamp  and  the  battery  being  mounted 
together;  two  are  of  the  separate  type,  the  lamp  being  mounted  sep^ 
rately  from  the  battery  and  connected  to  it  by  flexible  conductors; 
and  each  of  two  others  is  designed  to  be  used  either  as  a  self-contained 
lamp  or  with  the  lamp  separate  from  the  battery. 

The  self-contained  types  are,  with  one  exception,  designed  to  be 
carried  in  the  hand.  The  design  and  construction  of  the  exception 
noted  contemplate  the  wearing  of  both  lamp  and  battery  upon  the 
miner's  cap. 

The  bureau  has  already  tested  over  100  such  lamp  bulbs  as  would 
bo  used  in  portable  lamps  and  the  results  show  that  ignition  of  gas 
will  be  caused  by  any  such  bulb  that  gives  about  1  candlepower  or 
more,  if  the  bulb  is  broken  so  that  the  filament  remains  intact.  The 
bureau  has  also  made  a  few  preliminary  tests  with  sparks  from  non- 
inductive  circuits.  The  results  so  far  obtained  show  that  such  sparks 
as  would  be  given  from  a  portable  electric  lamp  will  scarcely  ignite 
gas.  The  principal  source  of  danger  from  portable  lamps  is,  there- 
fore, the  breaking  of  the  bulb  so  that  the  filament  is  intact. 

In  the  bureau's  future  investigation  each  lamp  will  be  examined  as 
to  its  ability  to  ignite  gas  and  the  candlepower,  the  life  of  the  lamp 
bulbs  and  the  number  of  hours  that  the  batteries  will  operate  their 
respective  lamps  on  one  charge  or  filling  will  be  ascertained.  Aiso, 
the  care  and  manipulation  incident  to  the  use  and  maintenance  of 
the  lamps,  the  convenience  and  adaptability  of  the  various  lamps  to 
the  purposes  of  mining,  and  the  cost  of  maintenance  and  repairs  will 
bo  compared.  As  a  result  of  this  investigation  the  bureau  will  be  able 
to   draw  specifications  for  lamps  suited  for  underground  service 

a  Clark,  H.  H.,  Permiasible  electric  lamps  for  miners:  Tech.  Paper  7*.  Hurea  i  of  Mines.  lOM.  21  pp., 
3  0gs. 
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These  specifications  should  be  of  help  to  the  manufacturer  as  well  as 
to  the  consumer. 

Personally,  I  would  be  glad  to  see  a  standardized  test  or  a  specifi- 
cation for  examining  or  measuring  the  safety  of  a  lamp  that  usee  a 
bulb  that  ignites  gas  when  the  bulb  is  broken.  I  believe  that  we 
shall  find  that  all  lamps  of  any  appreciable  light-giving  power  must 
use  bulbs  of  this  sort,  and  therefore  the  method  of  protecting  the 
bulbs  from  injury  becomes  the  paramount  issue.  The  measure  of 
danger  is  the  likelihood  of  so  breaking  the  bulb  that  the  filament 
will  not  be  injured.  The  measure  of  safety  is  the  converse,  and  if  a 
lamp  is  to  be  pronounced  safe  the  proof  that  its  bulb  can  not  be  broken 
without  destroying  the  filament  must  be  established.  In  the  test 
under  consideration  it  is  almost  impossible  to  select  conditions  that 
will  be  fair  to  both  sides,  and  so  I  beUeve  it  to  be  inadvisable  to 
attempt  to  determine  by  test  either  the  absolute  or  the  relative  safety 
of  the  lamps  if  a  reasonable  number  of  tests  do  not  give  positive 
results. 

At  present  it  seems  to  me  that  the  best  solution  is  to  require  for 
gaseous  mines  a  bulb  mounting  so  designed  that  a  blow  sufficient  to 
break  the  bulb  will  automatically  open  the  lamp  circuit.  In  pre- 
senting the  standardization  there  are  other  details  with  which  we 
should  like  your  assistance,  such  as  fixing  the  minimum  candlepower, 
the  minimimi  length  of  burning  on  one  charge,  the  most  desirable 
distribution  of  light,  the  minimum  length  of  life  of  the  lamp  bulbs, 
&Qd  a  test  for  determining  the  ruggedness  of  the  equipment. 


DANGEROUS   BUECTRICALi  EQUIPMENT  AND   METHODS 

OP  SAFEGUARDING  IT.^ 


By  n.  IT.  Clark. 


It  is  the  purpose  of  this  paper  to  start  a  discussion  as  to  what  parts 
of  underground  electrical  equipment  are  most  dangerous  to  the  miner 
and  how  the  danger  may  be  lessened,  and  to  bring  out  recommenda- 
tions for  improving  the  standard  of  safety  of  electrical  equipment  in 
niines. 

As  far  as  can  be  determined  from  official  reports,  most  of  the  elec- 
trical accidents  in  the  mines  of  the  United  States  are  electric  shocks, 
and  the  major  part  of  these  are  caused  by  thfe  trolley  wire,  which  I 
consider  to  be  the  most  dangerous  part  of  the  electrical  equipment  of 
our  mines.     Some  shocks  are  also  received  from  the  trailing  cables, 


•See  (lark,  U.  U-.The  factor  of  safety  In  mine  el«?ctrical  iuMallalion,  IVdmk'ul  Paper  19,  Bureau  of 
iliDes,  1012,U]ip. 
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sernce  lines,  and  frames  of  coal^cutting  motors  and  from  the  acci- 
dental charging  of  apparatus  that  is  not  supposed  to  carry  current. 

It  is  rare  that  an  explosion  or  a  disastrous  fire  is  reported  as  being 
caused  by  the  electrical  equipment. 

In  this  country,  as  you  probably  know,  direct  cun-ent  is  used  almost 
altogether  for  underground  distribution  and  much  bare  wire  is  used 
not  only  for  trolley  service  but  also  for  carrying  power  to  coal-cutting 
and  pump  motors.  One  side  of  the  direct  current  distributing  system 
is  almost  invariably  grounded  in  order  to  use  the  earth  as  a  return 
conductor. 

It  impresses  me  that  the  solution  of  the  problem  of  reducing  elec- 
trical dangers  in  coal  mines  embraces  the  following  details:  First,  in 
forbidding  the  use  of  electricity  in  places  where  fire  damp  is  regularly 
foimd  in  more  than  the  most  trifling  amounts;  second,  in  using  flame- 
proof apparatus  wherever  outbursts  of  gas  are  likely  to  be  encountered ; 
third,  in  selecting  underground  electrical  equipment  with  reference 
to  the  service  that  it  must  endure,  choosing  motors  that  are  well 
insulated,  switches  that  are  durable,  and  other  equipment  capable  of 
resisting  rough  handling  and  moisture;  fourth,  in  properly  installing 
equipment;  fifth,  in  properly  caring  for  and  maintaining  equipment. 

The  solution,  as  far  as  the  operator  is  concerned,  can  be  expressed 
in  four  words — ^good  apparatus,  good  electricians — and  the  electricians 
are  to  my  mind  the  first  consideration.  Good  electricians  mean  the 
selection  of  good  apparatus  and  the  proper  installation  and  mainte- 
nance of  it.  Thus  are  obtained  three  of  the  five  essentials  of  safety 
as  regards  the  use  of  electricity.  For  thd  remaining  two  essentials 
we  must  rely  upon  the  State  inspection  departments,  which  are  made 
up  of  men  admirably  equipped  with  the  necessary  experience  and 
judgment  and  provided  with  full  and  unhampered  authority  over  the 
matters  at  issue. 

Does  not  our  analysis  therefore  disclose  the  electrician  as  the  im- 
portant factor  in  the  problem  of  safeguarding  the  use  of  electricity 
in  mining  ?  Of  course  lack  of  cooperation  on  the  part  of  the  imne 
management  may  so  hamper  the  most  competent  of  electricians  that 
his  efforts  may  be  unavailing,  but  nevertheless  the  electrician  holds 
the  key  to  the  situation. 

My  idea  of  a  good  electrician  is,  first  of  all,  a  good  workman,  a  man 
who  can  do  good  work  himself  and  who  therefore  can  tell  when  work 
is  well  done.  He  should  have  a  great  deal  of  mechanical  skill  as  well 
as  experience  with  electrical  machinery.  He  should  believe  in  doing 
his  work  well,  not  merely  well  enough.  His  experience  should  not 
stop  with  the  knowledge  of  making  a  simple  splice  or  even  with  the 
ability  to  improve  the  commutation  of  a  sparking  motor.  He  should 
have  an  active  mind,  ready  to  grasp  the  lessons  to  be  learned  from 
his  ever-varying  experienoos,  and  above  all  he  should  have  the  desire 
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to  acquire  knowledge  and  improve  the  character  of  his  work.  Such  a 
man,  dealing  with  the  problems  at  the  closest  range  and  in  position 
d  greatest  advantage,  has  the  power  to  safeguard  truly  and  effectively 
the  use  of  electricity  in  mines. 


NOTEIS  OX  HOI8TINO  ROPES. 


By  O.  P.  Hood. 


The  American  habit  of  depending  on  the  manufacturer  of  a  product 
for  engineermg  advice  regarding  the  quality  and  use  of  that  product  is 
well  exemplified  in  the  current  practice  regarding  hoisting  ropes. 
The  usual  buyer  follows  the  recommendation  of  the  ropemaker  as 
to  the  kind  and  quality  of  rope  best  suited  to  his  needs,  and  is  inclined 
to  hold  the  maker  responsible  for  a  reasonable  length  of  life  for  the 
rope  and  for  its  safe  and  adequate  service.  The  ropemaker  assumes 
this  responsibility,  even  to  the  extent  of  submitting  to  a  money 
forfeit,  to  retain  the  patronage  of  lai^e  customers  who  may  have 
been  dissatisfied  with  the  performance  of  a  particular  rope.  Some 
buyers  believe  that  this  policy  of  throwing  the  responsibility  for 
adequate  s^vice  entirely  on  ^e  ropemaker  is  to  be  preferred  to 
any  method  whereby  the  purchaser  prepares  a  more  detailed  speci- 
fication of  quality  and  properties,  expressed  in  the  technical  phrases 
of  the  subject  of  materials.  It  appears,  however,  that  ropemakers 
are  sometimes  unable  to  furnish  a  product  that  gives  a  uniform 
service  under  identical  conditions,  or  that  the  user  is  imable  to 
recognize  that  conditions  are  not  identical  with  successive  ropes. 
The  tensile  strength  of  the  rope  as  shown  by  a  testing  machine,  and 
the  tests  of  individual  wires  as  to  strength,  ductility,  and  resistance 
to  repeated  bending,  are  factors  not  readily  translated  into  the 
length  of  service  of  a  construction  so  complicated  as  that  of  a  rope. 
The  purchaser  may  receive  with  the  rope  a  record  of  its  tensile 
strength,  which  usually  agrees  closely  with  the  maker's  catalogue 
claims,  but  of  which  he  makes  practically  no  use  in  determining  the 
life  and  usefulness  of  the  rope.  The  development  of  a  method  of 
testing  ropes  that  shall  more  nearly  approximate  the  working  con- 
ditions of  the  rope  is  desired,  and,  when  this  is  available,  it  will  aid 
in  interpreting  the  simpler  tests  now  in  use.  The  present  method  of 
condemning  a  hoisting  rope  is  entirely  a  matter  of  judgment  and 
lacks  a  rational  basis. 

It  13  rare  to  find  a  man  intrusted  with  the  care  of  hoisting  ropos 
who  can  give  such  directions  for  condemning  a  rope  that  others  can 
safely  follow  his  directions,  and  although  the  general  tendency  of 
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inspectors  is  probably  to  err  on  the  side  of  safety,  still  an  occasional 
iinf  ortunate  judgment  leads  to  disaster. 

Some  more  certain  method  is  needed  than  visual  inspection  and  the 
judgment  of  one  man  more  or  less  skilled. 

Inspectors  in  the  same  general  field,  in  forming  their  judgment  of 
the  condition  of  a  rope,  place  varying  weight  on  such  factors  as  length 
of  service,  regardless  of  the  appearance  of  the  rope;  the  tonnage 
lifted,  regardless  of  the  time  of  service;  the  ton-miles  of  service  of  the 
rope;  the  nimiber  of  visible  broken  wires  in  some  definite  length  of 
strand  or  rope;  the  reduction  of  diameter;  the  amount  of  stretch; 
the  decreasing  strength  as  shown  by  tensile  tests  of  pieces  removed 
from  the  end  near  the  skip;  an  estimate  of  reduction  of  area  due  to 
wear;  corrosion  and  lack  of  lubrication;  and  a  bending  test  of  indi- 
vidual wires  removed  from  the  rope  near  the  skip  end.  No  one 
inspector  is  keeping  all  these  data.  In  practical  rope  inspection,  is 
it  possible  with  present  knowledge  to  formulate  a  standard  method 
that  shall  give  proper  weight  to  these  several  factors  ? 

It  seems  as  though  it  might  be  possible  to  record  autographically 
the  changing  pitch  of  the  twist  of  a  rope  while  in  use,  a  change  that 
woTild  show  the  relative  extension  of  each  section  of  the  rope  during 
use  and  thus  caU  attention  to  an  overloaded  section. 


BASIS  FOR  TESTS   OF  GASOUNE  IiOCOMOTIVES. 


By  O.  P.  Hood. 


It  is  known  that  the  gasoline  locomotive  may  be  so  used  in  mines 
as  to  endanger  the  lives  of  miners  and  operators  by  the  emission  of 
carbon  monoxide.  In  determining  the  conditions  under  which  such 
locomotives  may  be  used,  it  is  necessary  to  consider  the  engine  as  a 
carbon  monoxide  generator  and  discover  the  conditions  imder  which 
this  production  is  at  a  maximum.  This  maximum  is  the  result  of 
several  variable  conditions.  It  is  suggested  that  it  be  assumed  that 
the  operator  at  the  mine  will  stop  his  machine  only  as  a  result  of  two 
easily  observed  conditions,  as  follows:  (1)  The  slowing  down  of  the 
engine  to  one-half  or  two-thirds  normal  speed,  as  shown  by  a  decided 
change  in  the  sound  of  the  running  parts  when  nmning  without  load, 
and  (2)  the  inability  of  the  locomotive  to  pull  more  than  one-half  the 
normal  load  at  any  speed.  Until  the  locomotive  reaches  these  two 
limitations,  it  can  be  assumed  that  the  machine  may  be  rim  in  a  mine. 
Bad  conditions  can  be  produced  by  over-carburization  due  to  bad 
carburetor  adjustment  and  by  other  variable  factors,  and  so  long  as 
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the  carburetor  adjustment  is  in  the  control  of  the  operator,  bad 
conditions  must  be  assumed  as  possible  within  the  mine.  Such 
conditions  as  bad  carburizationy  misfiring,  cracked  cylinders,  exces- 
sive lubrication,  lack  of  compression,  etc.,  as  shall  be  foimd  to  give 
only  one-half  the  normal  power  and  shall  at  the  same  time  give  a 
maTiinum  of  carbon  monoxide,  must  be  considered  as  possible  in  the 
mine  and  as  determining  the  gas  output  of  the  device.  Under  what 
conditions  of  ventilation  this  quantity  of  noxious  gas  may  be  toler- 
ated so  as  to  bring  the  percentage  of  carbon  monoxide  below  0.1  per 
cent,  a  limit  suggested  by  iir.  Burrell,  chemist,  of  thQ  Bureau  of 
Mines,  can  then  be  determined. 


THE  ANAIiTSIS  OF  EXPI.OSIVES. 


By  C.  G.  Storm. 


The  "permissible"  explosives  employed  in  the  United  States  for 
use  in  coal  mines  may,  from  the  standpoint  of  chemical  examination, 
be  grouped  as  follows:  (1)  Modified  nitroglycerin  dynamites,  (2) 
aounonxum  nitrate  explosives,  (3)  nitrostarch  explosives.  A  fourth 
group  of  chlorate  explosives  may  properly  be  added,  but  it  is  to  be 
noted  that  as  yet  no  chlorate  explosives  have  passed  the  tests  for 
permissibility. 

In  the  first  group  the  necessary  reduction  of  temperature  is  pro- 
duced by  one  or  more  of  the  following  means: 

1.  The  addition  of  an  excess  of  carbonaceous  material  in  quantity 
sufficient  to  largely  reduce  the  amount  of  carbon  dioxide  evolved  on 
explosion.  Wood  pulp,  wheat  flour,  and  com  meal  are  the  most 
commonly  employed  materials  of  this  type. 

2.  The  addition  of  free  water.  Amounts  as  high  as  12  per  cent 
have  been  successfully  used. 

3.  The  addition  of  salts  containing  water  of  crystallization;  for 
example,  alum,  magnesium  sulphate,  aluminum  sulphate,  or  gypsum, 
in  quantities  from  a  few  per  cent  to  as  much  as  35  per  cent. 

4.  The  addition  of  volatile  salts,  such  as  sodium  chloride  or  ammo- 
nium salts,  in  proportions  up  to  20  per  cent. 

5.  The  addition  of  inert  substances,  such  as  clay,  sand,  powdered 
slate,  or  kieselguhr  (infusorial  earth). 

In  most  of  the  ammonium  nitrate  group  of  explosives  there  is 
some  nitroglycerin  or  nitrotoluenes  or  both,  together  with  some 
carbonaceous  material.  These  additions  to  the  ammonium  nitrate 
materially  raise  the  low  explosion  temperature  of  the  latter,  so  that 
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some  of  the  means  mentioned  above  must  be  employed  for  reducing  the 
temperature.  Thus,  we  have  ammonium  nitrate  explosives  con- 
taining sodium  chloride,  ammonium  sulphate,  or  some  other  volatile 
salt,  or  containing  some  salt  holding  water  of  crystallization. 

Tlie  nitrostarch  explosives  depend  for  low  temperature  upon  either 
a  proper  proportioning  of  nitrostarch,  sodium,  and  ammonium 
nitrates,  and  carbonaceous  matter,  or  on  the  addition  of  lai^e 
proportions  of  inert  nonvolatile  substances;  for  example,  as  much  as 
46  per  cent  of  calcium  carbonate.         ^ 

METHODS   OF  ANALYZING   EXPLOSIVES. 

With  such  a  variety  of  means  for  reducing  the  temperature  of 
•explosion,  it  is  apparent  that  the  method  of  analysis  employed  must 
in  each  case  be  specially  adapted  to  the  particular  explosive  under 
examination.  The  general  scheme  of  analysis  employed  in  the 
explosives  chemical  laboratory  of  the  Bureau  of  Mines  depends  on  a 
separation  of  the  ingredients  of  the  explosive  into  groups  according 
to  their  solubility,  foUowed  by  the  separation  or  determination  of 
each  group  constituent  by  some  appropriate  method.  Thus,  in  the 
great  majority  of  analyses,  the  explosive  is  extracted  with  ether,  then 
with  water,  and  finally  with  dilute  hydrochloric  acid.  The  ether 
removes  completely  nitroglycerin,  nitrosubstitution  compounds,  oily 
materials,  resins,  etc.,  the  water  dissolves  the  nitrates  and  other 
water-soluble  salts,  and  the  acid  removes  the  calcium  or  magnesium 
carbonate  or  other  water-insoluble  antacid  substances.  The  residue 
left  after  each  extraction  is  dried  and  weighed,  the  loss  of  weight 
indicating  the  total  weight  of  extracted  material. 

The  components  of  the  final  insoluble  residue  are  generally  recog- 
nized by  microscopic  examination.  Starch,  if  present,  is  deter- 
mined by  acid  hydrolysis  The  insoluble  residue  is  finally  ignited 
and  an  examination  made  of  any  mineral  residue  other  than  the  nat- 
ural ash  of  the  wood  pulp,  etc.*  Each  component  of  the  different 
extracts  is  then  determined,  a  complete  qualitative  examination 
having  previously  indicated  the  substances  in  each  solution. 

The  above  general  outline  of  a  method  of  separation  will,  of  course, 
not  apply  in  all  cases.  For  example,  the  presence  of  nitrocellulose, 
nitrostarch,  or  sulphur  necessitates  the  use  of  additional  solvents. 

Moisture  in  the  explosive  is  determined  by  desiccating  a  sample  of 
2  or  3  grams  over  concentrated  sulphuric  acid,  the  sample  being 
spread  uniformly  over  the  surface  of  a  3-inch  watch  glass.  In  gen- 
eral, the  loss  of  weight  after  three  days'  desiccation  is  regarded  as 
moisture,  experiments  having  shown  that  there  is  a  continual  loss  of 
nitrogylcerin  diu'ing  desiccation,  this  loss  being  a  function  of  the 
temperature  and  duration  of  desiccation.  A  sample  of  ordinary 
nitroglycerin  dynamite  containing  approximately  1  per  cent  moisture 
has  shown  a  gradual  loss  on  desiccation  over  sulphuric  acid  at  a  con- 
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skint  temperaturo  of  33°  C.  for  a  period  of  1S3  clays,  the  total  loss  at 
tiiat  time  being  7.55  per  cent. 

When  salts  containing  water  of  crystallization  are  present,  this 
method  does  not  of  course  give  even  approximate  results,  and  as  from 
most  of  such  explosives  it  is  impossible  to  determine  separately  the 
moisture  and  the  water  of  crystallization  or  even  to  com])letely 
remove  the  total  water  present  without  some  alteration  of  other  con- 
stituents, the  moisture  is  determined  by  difference;  that  is,  the  sum 
of  all  constituents  directly  determined  is  deducted  from  100  per 
cent  and  the  difference  assxmied  to  be  the  moisture  content.  This 
method  is  unsatisfactory,  as  any  accumulated  errors  in  all  other  de- 
temiinations  are  thrown  on  the  moisture  determination. 

Among  other  details  deserving  special  note  in  this  brief  outline 
may  be  mentioned  the  determination  of  mixtures  of  nitroglycerin 
and  nitrosubstitution  products  in  the  ether  extract.  Experiments 
have  shown  that  in  mixtures  of  nitroglycerin  and  dinitrotoluenes  or 
trinitrotoluenes,  the  nitroglycerin  can  be  accurately  determined  by 
means  of  the  Lunge  nitrometer,  but  that  the  presence  of  mononi- 
trotoluene  introduces  serious  errors.  The  monocompound  is  quanti- 
tatively converted  in  the  nitrometer  to  the  dicompound  by  the 
nitric  acid  liberated  from  the  nitroglycerin  during  the  reaction,  thus 
giving  a  low  result  for  the  determination  of  the  nitroglycerin.  To  be 
exact,  1  gram  of  mononitrotoluene  takes  up,  completely  the  nitrogen 
from  0.5530  gram  of  nitroglycerin.  The  experiments  mentioned 
have  not  as  yet  been  extended  to  nitroconi])<>undd  other  than  the 
nitrotoluenes. 

Other  researches  have  shown  that  an  ap]>roximate  separation  of 
nitro^ycerin  from  nitrosubstitution  compounds  is  possible  by  the 
use  of  a  combination  solvent,  as  dilute  acetic  acid  (65  per  cent)  and 
carbon  bisulphide.  These  two  solvents  do  not  niix^  but  the  nitro- 
^ycerin  is  almost  completely  absorbed  by  the  acetic  acid,  and  a  fairly 
definite  proportion  of  the  nitrosubstitution  compound  is  recovered 
from  the  carbon  bisulphide.  This  definite  fraction  is  previously 
determined  by  experiments  on  known  mixtui^es.  Wlieii  properly 
performed  the  process  gives  fairly  accurate  results.* 

In  the  analysis  of  some  chlorate  explosives  it  has  been  found  neces- 
sary to  determine  a  nitrate  and  chlorate  in  the  same  aqueous  solution. 
The  determination  was  satisfactorily  effected  by  reducing  the  ciilo- 
rate  to  chloride  by  passing  a  current  of  SO,,  heating  to  expel  most  of 
the  excess  SO,,  and  oxidizing  the  remainder  with  hydrogen  peroxide 
solution,  determining  the  chloride  as  silver  chloride  in  one  part  of 
the  solution  and  the  nitrate  gravimetrically  in  another  part  by  means 
of  the  "nitron ''  method  of  Bush. 


•  Improvements  in  thiB  method  are  deecribed  in  a  paper  by  A.  L.  Hyde    The  quantitative  separation 
of  nitrombttitation  compounds  from  nitroglycerin:  Jour.  Amer.  Cheiii.  Sih-..  ^  ul.  3r>,  l..«13.  ()D.  117«{-11S2. 
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DBTONATOBS  AND  EliECTBIO  DETONATOBS. 

The  detonating  composition  generally  employed  in  the  United 
States  consists  of  a  mixture  of  approximately  90  per  cent  mercury 
fulminate  and  10  per  cent  KCIO,.  Electric  detonators  contain  a 
priming -charge  of  either  the  same  composition  as  the  main  charge 
or  of  fulminate  alone,  or  of  long-fiber  guncotton.  The  priming 
charge  is  placed  loosely  on  top  of  the  compressed  charge  and  surrounds 
the  bridge  wire. 

Such  a  composition  is  analyzed  by  completely  transferring  the 
dry  charge  to  a  filtering  crucible,  moistening  it  with  alcohol  to 
thoroughly  wet  it,  and  extracting  the  chlorate  with  water.  The 
small  amount  of  fulminate  dissolved  by  the  water  is  determined  as 
HgS  by  precipitation  with  HjS,  and  in  the  filtrate  from  the  HgS  the 
KCIO3  may  be  determined  directly  by  double  evaporation  with 
nitric  and  sulphuric  acids,  weighing  as  K^SO^  the  final  residue 
after  ignition. 

No  trinitrotoluene  detonators  are  as  yet  manufactured  in  this 
country. 

PBODUCT8  OF  COMBUSTION  OF  EXPIX>SIVE8. 

The  products  resulting  from  explosion  are  determined  by  collecting 
the  gases,  solids,  and  liquids  from  the  Bichel  gage  after  200  grams 
of  the  explosive  in  its  original  wrapper  has  been  fired.  The  gage  is 
evacuated  before  the  firing,  and  electric  ignition  is  used.  One-half 
hour  is  allowed  for  the  products  to  cool  before  they  are  collected. 

The  gases  are  sampled  by  collecting  over  mercury  a  differential 
sample  representing  practically  the  entire  gas  volume,  and  the  solid 
and  liquid  residues  are  removed  as  completely  as  possible  from  the 

gage. 

The  analysis  of  the  gas  sample  is  made  with  the  Hempel  apparatus 
by  the  usual  methods.  For  ordinary  purposes,  no  correction  is  made 
for  the  gases  resulting  from  the  electric  detonator,  as  their  volumes 
would  be  practically  negUgible  in  comparison  with  the  volume  of 
gases  from  200  grams  of  explosive.  No  attempt  is  made  to  obtain 
more  than  a  qualitative  analysis  of  the  solid  products  because  of 
the  fact  that  they  are  largely  contaminated  by  iron  and  copper 
salts  resulting  from  the  detonator  legs,  the  shell,  and  the  wire  tripod 
upon  which  the  cartridge  is  placed.  Owing  to  the  difficulty  of 
collection,  only  about  95  per  cent  of  the  total  products  of  explosion 
are  recovered,  the  loss  being  largely  sofids  and  liquid. 

No  attempt  has  been  made  in  this  brief  presentation  of  methods 
to  even  enumerate  all  of  the  many  special  details  of  interest,  including 
the  numerous  difficulties  arising  in  analysis. 
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REQUIREMENTS  AND  TESTS  FOB  EXPLOSIVES  USED  IN 

MINES  AND  QUAIIRIES.<> 


ByCiARENCB  Hall. 


COAIi-lONIKa  SXPIiOSIVBS. 

The  methods  followed  at  all  stations  that  are  testing  coal-mining 
explosives  were  devised  in  order  to  dassify  explosives  in  regard  to 
their  suitability  for  use  in  coal  mines.  The  testing  galleries  vaiy  in 
size,  form,  and  material.  The  cross  section  of  some  of  the  galleries 
is  elliptical;  that  of  others  is  circular.  At  all  stations,  except  in 
Austria,  steel  cannons  are  used  at  the  galleries  for  firing  chaxges  of 
explosives,  the  bore  of  the  cannon  varying. from  40  to  55  mm. 

Natural  gas  is  used  at  some  stations  and  artifical  substitutes  at 
others.  Most  of  the  Continental  stations  use  coal  dust.  Either  be* 
cause  of  differences  in  the  retardation  of  ignition  of  the  gas  mixtures, 
or  because  of  other  conditions  at  the  different  galleries,  the  limit 
charge  established  for  a  given  explosive  is  by  no  means  the  same  at 
different  stations.  In  some  cases  there  is  even  a  marked  dissimi- 
larity of  results. 

The  use  of  stemming  at  foreign  stations  and  at  the  Pittsburgh 
testing  station  has  been  found  to  raise  the  limit  charge  considerably, 
especially  of  explosives  of  the  ammonium  nitrate  class. 

Air  spacing  inside  the  bore  of  the  cannon,  as  practiced  at  most 
of  the  Continental  stations,  is  said  to  extend  the  apparent  border 
line  of  safety.  However,  it  may  be  stated  that  the  results  obtained 
with  different  charging  densities  at  the  Pittsburgh  testing  station  do 
not  indicate  that  the  border  line  of  safety  is  necessarily  extended 
with  low  charging  densities;  on  the  other  hand  some  explosives  have 
passed  a  limit  charge  of  680  grams  when  loaded  with  the  charging  den- 
sity of  a  charge  that  would  not  pass  with  this  amount  when  loaded 
air  spaced. 

Many  of  the  ammonium  nitrate  explosives  give  low  limit  charges 
when  tested  by  the  suspended  test  as  practiced  in  Austria,  probably 
for  the  reason  that  as  the  explosive  is  not  confined  the  flame  tempera- 
ture is  more  prolonged. 

It  has  been  shown  by  some  of  the  (xerman  stations  that  many  ''per- 
mitted'' explosives  axe  less  safe  when  tested  with  coal  dust  alone. 
It  may  be  mentioned  that  coal-dust  tests  were  subsequently  repeated 
at  other  stations,  but  the  results  obtained  at  the  German  stations  were 
not  always  reproduced,  especially  at  the  stations  using  pure  artl- 

«See  HflU,  ClBMiioe,  and  Howell,  S.  P.,  The  selection  of  explosives  used  In  engineering  and  mining 
flperations:  Boll.  48,  Bureau  of  Mines,  1913,  50  pp.,  3  pis.,  7  flgs.;  Tests  of  permissible  exploalyes:  Bull. 
M,  Bureau  of  Mines,  1913, 313  pp.,  1  pL,  6  figs. 
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ficial  or  natural  gas.  This  may  be  explained,  perhaps,  by  the  fact 
that  the  pit  gases  used  at  many  of  the  stations  are  not  of  imiform 
composition  and  contain  more  or  less  inert  gases. 

There  is  sometimes  a  small  percentage  of  carbon  dioxide  and  other 
inert  gases  present  in  the  pit  gases  used  abroad,  the  percentage 
depending  on  the  efficiency  and  condition  of  the  scrubbers  at  the 
time  the  gases  are  drawn  through.  Assuming  that  the  percentage 
of  these  inert  gases  is  kept  within  low  limits,  there  may  be  at  times 
sufficient  inert  gases  present  to  have  a  retarding  effect  on  the  ignition. 
Tests  made  at  the  Pittsburgh  testing  station  indicate  that  a  mixture 
of  gas  and  air  containing  8.1  per  cent  of  methane  and  ethane,  14.2  per 
cent  of  carbon  dioxide,  and  77.7  per  cent  of  air  is  practically  non- 
explosive  when  ignition  is  attempted  with  an  electric  igniter  contain- 
ing 5  grains  of  black  powder.  It  has  also  been  found  that  the  ignition 
of  gas  mixtures  is  materially  retarded  with  a  carbon  dioxide  content 
of  11.7  per  cent,  and  even  when  ignited  the  mixtures  burned  at  a 
slow  rate,  accompanied  with  little  if  any  explosion.  For  this  reason 
it  would  be  fair  to  assume  that  a  gas  mixture  containing  a  small  per- 
centage of  carbon  dioxide  or  other  inert  gases  is  proportionally  less 
sensitive  than  a  pure  gas  mixture. 

APPARATUS  AND  METHODS  TJSBD  AT  THE  PITTSBTJRaH  TESTZNG 

STATION. 

The  apparatus  used  and  methods  followed  at  the  European  explo- 
sives-testing stations  were  carefully  considered  before  the  United 
States  testing  station  was  erected.  Their  experience  particularly 
emphasized  the  importance  of  a  suitable  location  for  the  United 
States  testing  station,  one  that  would  insure  a  uniform  and  constant 
supply  of  natural  gas.  Pittsburgh,  Pa.,  was  finally  selected  as  a 
desirable  location,  and  decision  was  reached  to  install  there  a  large 
gallery  and  a  cannon  of  practically  the  same  size  as  that  adopted  by 
the  Continental  stations.  In  addition,  a  ballistic  pendulum,  similar 
to  the  one  used  at  the  English  station,  and  the  Oerman  type  of 
apparatus  for  testing  the  physical  and  chemical  characteristics  of 
explosives  were  installed.  It  was  decided  that  aU  explosives  should 
be  required  to  pass  stemmed  tests  in  the  presence  of  highly  inflam- 
mable gas  mixtures,  according  to  the  English  practice,  and  to  pass 
supplemental  tests  made  in  the  presence  of  coal  dust  alone;  also, 
that  all  explosives  should  be  required  to  pass  such  imstemmed  tests 
as  had  been  universally  adopted  by  the  Government  testing  stations 
on  the  Continent. 

TESTS  CONDUCTED. 

After  the  gallery  and  other  apparatus  had  been  calibrated  several 
types  of  so-called  safety  powders  manufactured  in  the  United  States 
were  tested  in  the  gallery.    Many  of  them  passed  when  tests  were 
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made  according  to  the  English  practice,  but  none  of  them  passed  the 
test  of  being  fired  without  stemming  in  the  presence  of  a  mixture  of 
gas  and  air  containing  8  per  cent  of  gas.  Further  tests  were  made  by 
firing  imstemined  shots  separately  with  three  explosives,  namely, 
black  blasting  powder,  one  of  the  so-called  safety  powders  of  the 
nitroglycerin  class,  and  one  of  the  ammonium  nitrate  class,  in  the 
presence  of  mixtures  of  gas  and  air  in  different  percentages. 

The  results  of  tests  indicated  that  the  highest  limit  charge  that 
could  be  established  with  unstemmed  shots  when  fired  in  the  presence 
of  a  mixture  of  gas  and  air  containing  8  per  cent  of  methane  and 
ethane  was  only  100  grains. 

During  a  visit  to  the  foreign  stations  the  writer  witnessed  a  test 
made  in  the  presence  of  an  8  per  cent  mixture  of  methane  and  air, 
with  a  '^ permitted"  explosive  somewhat  similar  in  composition  to 
the  explosive  of  the  nitroglycerin  class  mentioned  above.  No  igni- 
tion occurred  when  880  grams  of  the  explosive  was  fired  without 
stemming,  but  imder  the  conditions  of  testing  at  the  Pittsburgh 
station  an  ignition  occurred  when  150  grams  was  used. 

Four  different  samples,  each  representing  a  different  class  of 
explosive,  were  procured  through  one  of  the  foreign  testing  stations 
for  comparative  tests.  They  were  said  to  represent  the  best  types 
of  explosiTcs  used  abroad  in  coal  mines,  one  of  them  having  the  same 
composition  as  an  explosive  that  had  passed  the  Continental  tests 
with  a  limit  dxarge  of  880  grams  plus.  Like  the  domestic  explosives 
previonsly  tested,  they  passed  the  test  of  being  fired  with  stemming, 
but  the  highest  limit  charge  established  with  unstemmed  shots  in  the 
presence  of  mixtures  of  air  and  8  per  cent  of  methane  and  ethane  was 
only  50  grams.  It  was  found  after  repeated  tests  that  this  limit 
charge  could  not  be  increased  even  when  loaded  under  special  charging 
densities. 

The  tabulation  following  includes  the  results  of  tests  made  at  the 
Pittsburgh  testing  station  on  the  four  explosives  mentioned  above 
and  seven  other  foreign  explosives  recently  received.  The  method 
of  conducting  the  tests  was  approximately  the  same  as  that  employed 
at  the  foreign  testing  stations. 
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The  results  of  the  tests  indicate  that  all  of  the  foreign  explosiyes, 
except  explosive  H,  which  detonated  incompletely,  would  pass  the 
Woolwich  tests  hut  that  all  would  fail  to  pass  the  Belgian  tests. 
Onl  J  three  of  the  explosives  would  pass  the  test  requirements  requisite 
for  their  heing  placed  on  the  United  States  permissible  list. 

It  is  to  be  noted  that  two  of  the  explosives  failed  in  tests  1  and  4. 
Two  explosives  failed  in  test  4  only.  One  explosive  failed  in  test  1 
and  detonated  incompletely  in  test  4.  Two  explosives  failed  in  the 
friction  test  and  in  test  4,  and  one  explosive  failed  to  meet  the  require- 
ments for  poisonous  gases. 

UmT  CHABGES  WTTH  VABIOTJ8  GAS  PE&OBNTAGBS. 

No  stemming  was  used  in  any  of  the  tests,  but  tests  were  made  with 
different  loading  densities  in  the  bore  of  the  cannon.  It  is  to  be 
noted  that  the  limit  charge  with  all  of  the  foreign  explosives  tested 
in  the  presence  of  8,  8),  and  9  per  cent  gas  mixtures  was  0  gram  in 
all  tests,  even  though  the  explosive  was  loaded  with  different  charging 
densities.     (See  figs.  1  to  4.) 

When  these  explosives  were  fired  in  the  presence  of  10  per  cent  gas 
the  highest  limit  charge  established  was  50  grams  (explosive  E) .  The 
conditions  of  loading  in  the  cannon  seemingly  were  not  a  factor  in  the 
limit  charge  established. 

When  the  explosives  were  fired  in  the  presence  of  7  per  cent  gas  the 
limit  sharge  established  was  0  gram  for  samples  O  and  J.  The  limit 
charge  established  for  sample  I  was  0  gram  when  the  explosive  was 
loaded  with  a  density  of  1,  and  150  grams  when  loaded  with  air 
spacing.  Sample  E  also  gave  a  higher  limit  charge  (100  grams)  when 
loaded  with  air  spacing  than  when  loaded  with  a  density  of  1  (50 
grams). 

When  the  explosives  were  fired  in  the  presence  of  6  per  cent  gas  the 
fimit  charge  established  with  explosive  O  was  0  gram,  and  1 ,000  grams 
with  eixplosive  I,  the  results  being  the  same  irrespective  of  the  charg- 
ing density.  Explosive  J  gave  a  hmit  charge  of  50  grams  when  air 
spacing  was  used,  and  of  0  gram  when  loaded  with  a  charging  density 
of  1.  The  limit  charge  established  for  sample  E  was  150  grams  when 
loaded  with  air  spacing,  and  also  when  loaded  with  a  charging  density 
of  1. 

When  the  explosives  were  fired  in  the  presence  of  5  per  cent  gas, 
50  grams  was  established  as  the  limit  charge  for  explosive  O,  and  1,000 
grams  for  explosive  J.  Different  charging  densities  did  not  change 
the  results.  Six  hundred  grams  was  established  as  the  limit  charge 
for  explosive  E  when  loaded  with  a  density  of  1,  and  400  grams  when 
loaded  with  air  spacing. 

The  results  of  the  tests  indicated  that  the  natural  gas  used  at  the 
Pittsbui^h  testing  station  is  more  sensitive  than  the  pit  gas  used 
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PiamuE  1.— Foreign  explosive  E.  Limit  charge  established  with  various  gas  percentages.  Composition 
of  explosive:  Moisture,  0.17;  dlnitrotoluene,  17.85;  potassium  chlorate,  75.36;  castor  oil,  5.33;  numonltro- 
naphthalene,  1.30;  total  100. 
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Fio.  2. — Foreign  explosive  0.  Limit  charge  established  with  various  gas  percentages.  ComiMMitlon  of 
explosive:  Moisture,  0.52;  nitroglycerin,  8.13;  ammonium  nitrate,  82.11;  nltrotoluene,  8.57;  wood  pulp, 
4.30;  castor  oil,  0.81;  nitrocellulose,  0.56;  total,  100. 
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S.— Foreign  explosive  I.    Limit  charge  estabUahed  with  various  gas  percentages.    Composition 
of  explosive:  Moistare,  0.06;  ammonium  nitrate,  91.43;  potanium  nitrate,  3.50;  rosin,  5.01;  total,  100. 
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Fitfuis  4.— Foreign  explosive  J.    Limit  charge  established  with  various  gas  percentages.    CompositioD 
ofexploaiye:  Molstore,  0.45;  ammonium  nitrate,  90.50;  trinitrotoluene,  4.82;  flour,  4.23;  total,  100. 
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abroad  and  that  it  will  be  necessary  to  reduce  the  percentage  of  gas  in 
order  that  the  results  of  future  tests  may  be  comparable  with  results 
obtained  in  Europe.  It  was  evident  that  the  mixtures  of  gas  and  air 
that  contained  about  6  per  cent  of  methane  and  ethane  were  equiva- 
lent to  the  8  per  cent  mixtures  abroad,  and,  further,  that  aU  explo- 
sives would  be  excluded  if  unstemmed  shots  were  fired  in  the  pres- 
ence of  air  mixtures  containing  8  per  cent  of  methane  and  ethane.  A 
conference  of  several  of  the  leading  coal  operators  was  called  at  the 
Pittsbui^h  testing  station,  and  the  consensus  of  opinion  was  that  a  low 
percentage  gas  mixture  with  coal  dust  suspended  in  the  air  would  more 
nearly  represent  the  dangerous  conditions  that  might  exist  in  a  coal 
mine,  and  that  at  least  one  of  the  tests  should  be  made  under  these 
conditions  with  unstemmed  shots  and  a  charge  of  not  less  than  680 
grams  (Impounds). 

STANDABDIZING  APPARATUS  AND  METHODS. 

The  matter  of  a  universal  standard  of  methods  and  apparatus  for 
testing  coal-mining  explosives  is  still  an  open  one.  Obviously,  coop- 
eration on  the  part  of  all  stations  aiming  to  unify  or  standardize  appa^ 
ratus  and  methods  of  testing  explosives  would  be  beneficial  to  all  con- 
cerned, and  it  is  hoped  that  such  will  eventually  be  the  outcome. 

It  would  seem  that  the  design  and  the  construction  of  all  testing 
apparatus  could  be  established  on  a  uniform  basis.  In  fact,  the  tend- 
ency at  present  to  adopt  the  cylindrical  type  of  steel  gallery  and  steel 
cannons  having  a  bore  55  mm.  in  diameter  is  universal.  The  unifying 
of  methods  of  testing  does  not  offer  a  ready  solution. 

In  Belgium  the  mines  are  unusually  gaseous  and  all  explosives  are 
required  to  pass  a  severe  gas  test.  In  recent  years  explosives  have 
been  tested  in  the  presence  of  coal  dust,  but  the  dust  used  has  had  a 
relatively  low  percentage  of  volatile  matter  as  compared  with  that 
used  in  the  United  States.  It  is  contended  that,  as  all  the  coals  in  Bel- 
gium with  a  high  percentage  of  volatile  matter  have  been  practically 
exhausted,  coal  dust  similar  to  that  which  exists  in  mines  under  actual 
working  conditions  should  be  used  in  the  gallery. 

In  France  great  stress  is  put  on  the  requirements  as  to  the  gaseous 
products  of  combustion  of  explosives.  The  nitroglycerin  class  of  ex- 
plosives is  practically  eliminated  from  use  in  French  coal  mines  for  the 
reason  that  they  produce  carbon  monoxide  on  detonation.  The 
writer's  experience  with  permissible  explosives  of  this  class  is  that 
when  they  are  properly  used  in  coal  mines  of  the  United  States  in 
quantities  less  than  1^  pounds  per  shot  the  amount  of  poisonous 
gases  produced  is  so  small  that  it  is  of  little,  if  any,  consequence, 
especially  when  the  ventilation  current  is  brought  directly  to  the 
working  face. 
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In  'England  stemmed  chaises  only  are  used  for  determining  the 
peraussibility  of  explosives  for  use  in  coal  mines.  This  requirement 
would  not  alwajTB  represent  the  conditions  of  mining  in  the  United 
States,  ^finers  have  been  known  to  fire  permissible  explosives  in  a 
drill  hole  with  little,  if  any,  stemming,  although  the  practice  is  repre- 
hensible. For  this  reason  the  Bureau  of  Mines  requires  an  explosive 
to  show  satisfactory  performance  in  an  unstemmed  shot  before  the 
explosive  will  be  designated  permissible.  The  bureau  requires  all 
explosives  to  meet  practically  aU  the  European  requirements  in  order 
to  be  placed  on  the  permissible  list;  that  is,  satisfactory  performance 
in  shots  in  the  presence  of  gas  alone  and  of  coal  dust  alone,  and  in 
unstenmied  shots  in  mixtures  of  gas  and  coal  dust. 

PSOPOSBI>   KEQTTTKEIIENTS  FOB  PEBXISSIBLB  BXPLOSIVES  VX 

COAL  MINES. 

SENSITIVENESS   TO  DETONATION. 

It  has  been  observed  that  many  permissible  explosives  when  stored 
lose  sensitiveness  to  detonation  and  in  some  cases  fail  to  detonate 
when  fired  by  a  proper  detonator.  This  may  be  explained,  perhaps, 
by  the  fact  that  the  nitroglycerin  contained  in  the  explosive  becomes 
more  completely  absorbed  by  the  other  ingredients;  also  by  the  ab- 
sorption of  water  by  the  hygroscopic  salts. 

It  was  with  this  in  view  that  one  of  the  conditions  specified  by  the 
Bureau  of  Mines  for  testing  explosives  was  that  the  maniif acturer  be 
required  to  deliver  to  the  experiment  station  three  weeks  prior  to  the 
date  set  for  test  100  pounds  of  each  explosive  that  he  desired  to  have 
tested. 

It  is  believed  that  several  explosives  have  failed  to  pass  the  test 
requirements  of  the  bureau  that  otherwise  would  have  passed  if  they 
had  not  been  4  to  6  weeks  old  when  tested.  Supplemental  tests  have 
been  made  with  all  explosives  on  the  permissible  list,  and  it  has 
been  found  that  many  of  the  ammoniimi-nitrate  class  of  explosives 
after  six  months'  storage  at  the  Pittsburgh  experiment  station  have 
either  failed  to  detonate  or  detonated  incompletely  when  retested. 
A  few  of  the  ammonium-nitrate  explosives  on  being  retested  have 
shown  algns  of  deterioration  and  have  detonated  incompletely  after 
storage  for  four  months.  It  is  worthy  of  note  that  2  of  the  1 1  foreign 
explosives  that  were  tested  by  the  bureau  failed  to  detonate  com- 
pletely when  tested  foiu'  months  after  they  had  been  received. 

It  has  been  suggested  that  the  bureau  should  consider  the  elimina- 
tion  from  the  permissible  list  of  those  explosives  that  become  insensi* 
tive  to  detonation  when  stored  luider  favorable  conditions  for  a  period 
of  four  months.  I  would  like  to  hear  from  the  visiting  members  of 
this  conference  as  to  whether  any  such  requirement  is  in  force  abroad, 
and  whether  it  is,  in  their  opinion,  advisable  to  have  a  requirement  of 
duskind. 
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GASEOUS   PRODUCTS. 

The  list  of  permissible  explosives  issued  by  the  bureau  January  1, 
191 1,  contained  a  few  explosives  that  on  detonation  in  the  Bichelgage 
developed  large  quantities  of  carbon  monoxide.  These  explosives 
were  later  tested  in  coal  mines.  When  the  usual  charge  was  fired  in 
rooms,  no  appreciable  amount  of  carbon  monoxide  was  detected  in 
samples  of  the  mine  air  taken  at  the  face  immediately  after  the  shot. 
However,  when  tests  were  made  in  narrow  entries,  ahead  of  the  air, 
all  mine-air  samples  taken  immediately  after  charges  of  680  grams 
had  been  fired  showed  the  presence  of  carbon  monoxide,  one  sample 
containing  as  much  as  0.11  per  cent.  It  was  believed  that  these  ex- 
plosives, used  under  such  conditions,  would  so  vitiate  the  air  near 
the  face  as  to  be  harmful  to  the  health  of  those  directly  connected 
with  the  work. 

Other  permissible  explosives  tested  on  detonation  evolved  less 
quantities  of  carbon  monoxide  in  the  gage  tests.  It  was  f  ound,  as  a 
result  of  tests  made  in  coal  mines,  that  an  explosive  that  on  detona- 
tion in  the  gage  evolved  less  than  158  liters  of  permanent  poisonous 
gases  from  a  chaise  of  680  grams  would  not,  when  used  in  coal  mines, 
vitiate  the  mine  air  in  narrow  entries  even  when  there  was  no  circula- 
tion of  air  near  the  face.  The  highest  percentage  of  carbon  monoxide 
found  in  any  of  the  mine-air  samples  taken  immediately  after  the  shot 
was  0.02  per  cent. 

When  the  later  permissible  list  was  issued  (January  1, 1912)  a  few 
explosives  were  eliminated  and  a  new  requirement  was  adopted, 
namely,  all  explosives  that,  on  detonation  of  a  680-gram  charge, 
evolved  158  liters  or  more  of  permanent  poisonous  gases  in  gage 
tests  shall  not  be  considered  permissible. 

It  is  the  opinion  of  the  writer  that  the  limitations  that  have  been 
placed  on  the  amoimt  of  poisonous  gases  evolved  on  detonation  of 
explosives  for  use  ui  coal  mines  is  adequate,  but  I  would  like  to 
hear  an  expression  of  opinion  from  the  visiting  members  concerning 
this  subject. 

HETAL-MININa  BZPLOSIVES. 

For  driving  tunnels  and  sinking  shafts,  and  for  metalliferous  mining 
in  this  country,  gelatin  dynamites  have  been  found  well  adapted 
and  are  used  to  a  large  extent.  They  produce  on  detonation  smaller 
quantities  of  poisonous  gases  than  any  other  class  of  explosives 
tested  by  the  bureau.  In  work  of  this  kind,  the  ventilation  is 
usually  defective;  accordingly  the  gaseous  product  evolved  on 
detonation  of  explosives  is  one  of  the  most  important  considerations. 
The  investigations  that  have  been  made  by  the  bureau  show  that 
it  is  possible  to  manufacture  gelatin  dynamite  having  a  slight  oxygen 
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excess  suffident  to  insure  the  complete  oxidation  of  all  combustible 
materials,  including  paper  wrappers. 

Some  of  the  manufacturers  of  explosives  have  taken  advantage  of 
the  suggestions  made  by  the  bureau  and  are  supplying  the  trade 
with  the  improved  gelatin  dynamites.  In  order  to  insure  the  use 
of  better  grades  of  explosives  in  metal  mines,  it  will  be  necessary 
to  publish,  for  the  information  of  users  of  explosives,  the  nature  and 
character  of  the  many  explosives  oflFered  for  sale.  Now  that  the 
bureau  has  been  authorized  by  law  to  investigate  the  mining  and 
the  treatment  of  ores  and  other  mineral  substances,  it  will  be  possible 
to  determine  the  permissibility  of  explosives  for  use  in  all  mining 
and  quarrying  operations,  and  to  publish  a  list  of  those  explosives 
that  pass  the  requirements  satisfactorily. 

The  following  is  a  tentative  outline  of  the  proposed  requirements 
and  I  wQl  appreciate  any  criticism  or  suggestion  offered  by  this 
conference.  The  recommendation  of  specifications  by  this  conference 
will  be  of  material  assistance  to  the  director  of  the  bureau  in  con- 
sidering this  subject. 

The  conditions  under  which  explosives  for  use  ia  metal  mines  and 
quarries  will  be  tested  in  respect  to  priority  of  testing,  method  of 
deliveries,  etc.,  will  doubtless  be  the  same  as  those  under  which 
explosives  are  tested  for  their  permissibility  in  coal  mines. 

Proposed  requirements  of  explosives  for  metal  mines. 

1.  The  exploaives  miust  be  in  a  stable  condition  and  all  chemical  and  physical  tests 
must  not  show  any  unfavorable  results. 

2.  The  explosivee,  on  detonation,  must  not  evolve  carbon  monoxide,  hydrogen 
mlphide,  nitrogen  oxides,  or  other  permanent  poisonous  gases,  in  quantities  that  may 
he  considered  harmful  to  the  health  of  miners,  when  fired  in  200-gram  charges  in  the 
presBure  gage. 

3.  Electric  detonators  will  be  used  in  the  tests  as  recommended  by  the  manu- 
fftctuiers,  provided  the  grade  recommended  completely  detonates  or  explodes  the 
ehaige. 

4.  The  explosives  must  pass  pendulum  friction  tests  in  which  the  steel  shoe  is 
bced  with  wood  fiber. 

5.  The  propulsive  and  disruptive  effect  developed  by  each  explosive  will  be  deter* 
mined  and  the  results  published,  in  order  to  serve  as  a  useful  guide  in  judging  the  effi- 
ciency of  the  explosive. 

6.  After  an  explosive  shall  have  passed  the  above  requirements  it  will  be  considered 
penniflsible  for  use  only  when  used  under  the  following  conditions: 

(o)  That  the  explosive  is  in  all  respects  similar  to  the  sample  submitted  by  the  manu- 
facturer tor  test. 

(6)  That  detonators,  or  electric  detonators,  are  used  of  not  less  efficiency  than  those 
prescribed,  namely,  those  consisting  by  weight  of  90  parts  of  mercury  fulminate  and 
10  parts  of  potassium  chlorate  (or  their  equivalents). 

(c)  That  the  explosive,  if  frozen,  shall  be  thoroughly  thawcni  in  a  safe  and  suitable 
inaDiier  before  use. 
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Practically  every  class  and  grade  of  explosives  are  used  in  the  United 
States  in  open  work,  such  as  quarries  and  railroad  excavations.  In 
work  of  this  kind  the  efficiency  of  explosives  is  the  most  important 
consideration.  The  amount  of  poisonous  gases  produced  on  detona- 
tion of  an  explosive  is  of  little  importance,  and  the  liability  to  cause 
ignition  of  gas  or  dust  does  not  need  consideration. 

Tests  will  be  made  to  determine  the  stability  of  each  explosive  and 
other  tests  that  concern  safety  in  the  handling  and  use  of  such  explo- 
sives. Information  wiU  also  be  published  that  will  show  the  practical 
value  of  these  explosives  as  well  as  offering  the  best  means  for  select- 
ing explosives  suitable  to  meet  the  varying  conditions  of  quarry- 
ing, etc. 
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THE  HUMIDITY  OF  MINE  AIR. 


By  R.  Y.  Williams. 


INTRODUCTION. 

The  investigative  work  described  in  this  report  was  undertaken  by 
the  Bureau  of  Mines  under  a  cooperative  agreement  with  the  depart- 
ment of  mining  engineering  of  the  University  of  Illinois  and  the  Illi- 
nois State  Geological  Survey.  *  The  purpose  of  this  agreement  was 
to  provide  for  a  comprehensive  investigation  of  coal-mining  conditions 
m  the  State,  with  especial  reference  to  the  possibility  of  lessening 
waste  in  the  mining  and  preparation  of  coal  and  of  reducing  the  dan- 
gers to  which  miners  are  exposed.  The  Bureau  of  Mines  paid  particu- 
lar attention  to  those  phases  of  the  investigation  that  were  of  general 
interest  from  their  bearing  on  safety  and  efficiency  in  the  coal-mining 
mdustry  as  a  whole.  Thus,  it  studied  the  occurrence  of  gas  (methane) 
in  the  mines  of  the  southern  part  of  the  State,**  tested  the  inflamma- 
bility of  the  coal  dust  from  many  mines,  examined  the  efficiency  of 
the  control  of  ventilating  currents,  and  investigated  the  factors  affect- 
ing the  humidity  of  mine  air  with  respect  to  their  bearing  on  the 
occurrence  of  mine  explosions. 

Following  the  establishment  of  the  fact  that  under  certain  condi- 
tions dry  bituminous  coal  dust  is  inflammable,  there  arose  the  prob- 
lem of  finding  efficient  methods  of  preventing  or  limiting  coal-dust 
explosions. 

Experiments  in  the  gas-and-dust  gallery  at  the  Pittsburgh  testing 
station  of  the  Bureau  of  Mines  verified  the  fact  that  certain  dusts 
that  explode  violently  when  dry  are  rendered  inert  by  proper  himudi- 
fication  of  the  atmosphere  within  the  gallery,  and  the  importance  of 
humidity  as  a  factor  in  limiting  the  inflammability  of  coal  dust  in  a 
mine  is  demonstrated  by  the  fact  that  there  has  never  been  in  Illinois 
a  dust  explosion  during  the  summer  months,  whereas  the  records 
show  a  numiber  of  dust  explosions  during  cold  weather.  It  is  easy 
to  see  that  the  warm  moisture-laden  air  that  enters  a  mine  in  the 
snmmer  must  deposit  moisture  on  cooling,  whereas  the  cold  and 
relatively  dry  air  that  enters  in  winter  must  take  up  moisture  as  it 
becomes  heated  in  traveling  through  the  mine. 

>  For  a  detailed  acooimt  of  the  terms  of  this  agreement,  see  Preliminary  report  on  organization  and 
method  of  inTestigatkms:  Illinois  Coal-lfinlng  Investigations,  Cooperative  Agreement,  1913,  71  pp. 
*Daiton,N.H.,OccaznnoeofexploBivega8e8ln coalmines:  Boll.  72,  Boreaaof  Mines,  1914.    In  press. 
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A  study  of  humidity  in  the  coal  mines  of  the  State  was  began  in 
January,  1912,  by  the  Illinois  coal-mining  investigations  previously 
mentioned,  in  cooperation  with  the  United  States  Weather  Bureau 
and  the  operators  of  20  typical  mines  in  the  State.  In  this  study 
records  were  made  that  show  the  humidity  changes  both  imderground 
and  on  the  surface  during  the  seasonal  changes  of  a  complete  year. 
These  records  afford  a  basis  for  generalizations  as  to  hxmiidity.  The 
records,  with  pertinent  discussion,  are  presented  in  this  report  for 
the  purpose  of  supplying  information  that  will  assist  operators  and 
miners  in  making  mines  safe  from  coal-dust  explosions. 

A  separate  report  prepared  in  connection  with  the  cooperative  in- 
vestigation will  discuss  the  character  of  the  coal  dusts  encoimtered  in 
the  different  mining  districts  in  Illinois,  and  which  dusts  are  the  most 
dangerous. 

In  the  collection  and  compilation  of  the  data  presented  on  the 
following  pages  the  author  has  received  suggestions  and  helpful  criti- 
cism from  his  associates,  to  whom,  and  especially  to  George  S.  Rice, 
chief  mining  engineer  of  the  Bureau  of  Mines,  and  L.  A.  SchoU,  jr., 
junior  chemist,  he  hereby  makes  acknowledgment  of  his  indebted- 
ness. Thanks  are  due  S.  T.  Wallage  for  the  calculations  necessary 
in  preparing  Table  6. 

The  work  of  Carl  Scholz,  H.  N.  Eavenson,  and  Frank  Haas  has 
been  reviewed  in  pages  14  to  16.  The  author  also  wishes  to  express 
his  indebtedness  for  the  hearty  cooperation  of  the  United  States 
Weather  Bureau  and  the  operators  of  the  20  selected  mines. 

FUNDAMENTAL  CONSIDERATIONS. 

DEFINITION  OF  TBBMS. 

To  insure  a  clear  understanding  of  the  discussion  and  records  in 
this  report,  definitiohs  of  certain  terms  used  are  presented  below: 

The  temperature  of  mine  air  or  of  the  outside  atmosphere  signifies 
the  degree  of  sensible  heat  or  cold. 

Absolute  humidity  signifies  the  total  quantity  of  water  vapor 
present  in  a  given  volume  of  air. 

Relative  humidity  is  the  ratio  of  the  quantity  of  vapor  present 
to  the  quantity  necessary  to  saturate,  at  the  given  temperature  and 
pressure,  the  space  occupied  by  the  air. 

Dew  point  is  that  temperature  of  the  air  at  which  the  water  vapor 
present  begins  to  condense  into  visible  moisture — that  is,  the  tem- 
perature of  the  air  when  the  relative  humidity  is  100  per  cent. 

Evaporation  is  the  transformation  of  water  into  aqueous  vapor. 

Latent  heat  of  vaporization  is  the  quantity  of  heat  absorbed 
during  evaporation.  This  quantity  varies  slightly  with  the  temperar 
ture  at  which  evaporation  takes  place. 
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The  specific  heat  of  a  substance  is  the  ratio  of  the  heat  required 
to  raise  the  tem{>erature  of  a  certain  weight  of  the  substance  1  degree 
to  that  required  to  raise  the  temperature  of  the  same  weight  of  water 
1  d^ree  (from  62''  to  63""  F.). 

A  thermometer  is  an  instrument  for  measuring  temperature  and 
is  based  on  the  fact  that  different  substances  expand,  or  contract; 
differently  under  the  same  changes  in  temperature.  For  example, 
mercurj  within  a  glass  tube  expands  more  on  a  rise  of  temperature 
than  does  the  glass  tube,  and  the  difference  of  expansion  is  utilized 
as  the  measure  of  temperature.  There  are  several  scales  or  manners 
of  graduating  thermometers;  but  the  one  adopted  in  this  report 
is  flie  Fahi^ihdt^  in  which  the  freezing  point  of  water  is  at  32^ 
and  the  boiling  point  at  212^. 

A  thermograph  is  an  instrument  that  automatically  records 
variations  in  atmospheric  temperature.  An  arm  carrying  a  pen 
is  connected  with  a  spiral  lamina  that  expands  or  contracts  as  the 
temperature  rises  or  falls.  The  pen,  fed  with  special  ink,  makes  a 
marie  on  a  chart  that  is  revolved  by  clockwork.  Each  chart  pro- 
vides a  record  for  one  week. 

A  psychrometer  or  hygrometer  is  an  instrument  for  measuring 
the  quantity  of  aqueous  vapor  in  the  air.  One  type  involves  a 
determination  of  the  temperature  of  evaporation  and  consists  of 
two  similar  thermometers,  one  called  the  dry  bulb  and  the  other 
the  wet  bulb.  A  thin  musHn  sack  is  fitted  over  the  wet-bulb  ther- 
mometer, and  in  order  to  make  an  observation  the  sack  is  thoroughly 
moistened  and  both  thermometers  are  placed  in  a  current  of  air 
that  has  a  velocity  of  15  feet  or  more  per  second.  If  the  relative 
humidity  of  the  air  is  less  than  100  per  cent,  some  of  the  water  on 
the  muslin  sack  is  evaporated,  a  certain  amount  of  heat  is  absorbed 
by  evaporation,  and  the  temperature  of  the  wet-bulb  thermometer 
is  reduced  to  a  point  at  which  the  amount  of  heat  absorbed  by 
evaporatioiria  just  equal  to  that  received  from  the  surrounding  air. 
From  the  readings  of  the  two  thermometers,  by  reference  to  suitable 
tables,  the  relative  humidity  and  the  quantity  of  aqueous  vapor 
per  cubic  foot  of  the  air  may  be  determined. 

There  are  two  kinds  of  instruments  using  wet-bulb  and  dry- 
bulb  thermometers  for  determining  the  relative  humidity  of  air — 
the  sUng  psychrometer  and  the  stationary  hygrometer. 

The  sling  psychrometer  is  used  in  places  where  the  velocity  of  the 
air  is  low.  The  instrument  must  be  rapidly  whirled  through  the 
air  in  order  that  the  velocity  against  the  wet-bulb  thermometer  shall 
approximate  15  feet  per  second.  The  standard  sling  psychrometer 
designed  by  the  United  States  Weather  Bureau  has  two  thermome- 
ters mounted  side  by  side,  the  wet-bulb  thermometer  extending 
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below  the  dry  bulb,  which  are  attached  by  a  link  to  a  handle.  By 
means  of  the  handle  the  instrument  can  be  whirled  to  obtain  a 
velocity  of  the  wet  bulb  of  about  3  feet  per  second.  This  type  of 
psychrometer  is  unprotected,  and  when  it  is  swung  in  a  mine  it  is 
likely  to  be  broken  by  striking  against  the  side,  roof,  or  a  timber. 
To  guard  against  such  breakage  the  Bureau  of  Mines  has  designed 
a  special  form  (PI.  I),  in  which  the  thermometers  are  attached  to  an 
aluminum  frame,  with  a  pivoted  handle  stiffly  connected.  Carried 
in  a  leather  case  with  shoulder  strap  this  is  a  convenient  instrument 
for  mine  use,  and  if  used  with  ordinary  car^  it  is  not  liable  to  be 
broken. 

The  stationary  hygrometer  may-  be  used  in  places  where  the  air  is 
moving  at  the  required  velocity  of  16  feet  or  more  per  second.  This 
form  of  instrument  was  used  in  the  cooperative  investigations  for  the 
underground  readings  at  the  mines.  The  hygrometer  (PL  II)  consists 
of  two  exposed  thermometers  12  inches  long,  accurately  calibrated 
and  graduated  to  the  Fahrenheit  scale,  and  mounted  on  a  silvered 
brass  back  which  is  fastened  by  a  bent  support  to  a  wooden  frame. 
The  thermometer  bulbs  extend  2  inches  below  the  mounting  to  allow 
free  circulation  of  air  aroimd  the  bulbs  and  the  stems.  The  wet  bulb 
is  covered  with  a  fine  muslin  bag  to  which  is  attached  the  wicking 
that  extends  into  a  nickeled  water  cup.  Water  is  thus  brought  by 
capillary  attraction  to  the  musUn  bag.  In  order  to  protect  the  hy- 
grometers from  breakage,  a  shelter  (PI.  II)  of  24-gage  galvanized  iron 
was  made.  It  consisted  of  two  7-inch  cylinders  intersecting  at  right 
angles.  To  allow  perfect  circulation  of  air  around  the  thermometer 
bulbs,  the  horizontal  cylinder  is  open  at  both  ends,  each  end  being 
protected  by  a  screen  of  hardware  cloth  of  i-inch  mesh.  In  the 
vertical  cylinder  there  is  a  similarly  protected  opening  to  allow  con- 
venient reading  of  the  thermometers. 

A  hygrograph  is  an  instrument  by  which  the  variations  in  atmos- 
pheric humidity  are  automatically  recorded.  In  appearance,  this 
instrument  resembles  a  thermograph  except  that  an  animal  hair  is 
substituted  for  the  spiral  lamina.  The  hair  expands  and  contracts 
with  changes  in  relatiye  humidity,  and  the  movement  is  recorded  on 
the  revolving  chart  with  a  pen. 

PHTSIOAIi    LAWS   CONTBOLLING  THE    HUXIDITY  OF  XINB  AIB. 

THE    KINETIC   THEORY  OF   FLUIDS. 

According  to  the  kinetic  theory,  gases  and  liquids  are  composed  of 
extremely  small  particles,  called  molecules.  These  particles  dart 
about  in  straight  lines  until  deflected  by  encoimters  vdth  other 
molecules  or  with  the  walls  of  the  containing  vessel.  The  average 
velocity  of  the  molecules  increases  with  the  temperature. 
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When  liquid  water  and  water  vapor  are  in  contact  some  of  the 
dartiDg  molecules  of  the  liqiiid  escape  from  the  surface  of  the  liquid 
and  enter  the  vapor.  Also,  some  of  the  molecules  of  the  vapor  enter 
the  liquid.  The  measure  of  the  tendency  of  a  substance  to  become 
a  gas,  or  vapor,  is  its  vapor  pressure.  Different  substances  have 
different  vapor  pressures,  and  these  differences  maybe  shown  by  the 
fall  of  the  mercury  column  in  a  barometer  tube  when  a  small  quan- 
tity of  a  liquid  is  inserted  so  that  its  vapor  can  enter  the  space  above 
the  marcuiy  in  the  tube. 

If  the  vapor  pressure  of  the  Hquid  be  greater  than  the  pressure  of 
the  vapor,  more  molecules  leave  the  liquid  than  return  to  it,  and 
eviqporation  takes  place.  If  the  vapor  pressure  of  the  Uquid  be  less 
than  that  of  the  vapor,  more  molecules  enter  the  liquid  than  leave  it, 
and  there  is  condensation. 

Por  any  given  temperature  there  is  a  definite  vapor  pressure  at 
which  the  number  of  molecules  leaving  the  liquid  equals  the  number 
of  those  entering  it.  This  state  is  defined  as  physical  equilibrium 
and  is  independent  of  the  amounts,  whether  relative  or  absolute,  of 
either  the  liquid  or  the  vapor. 

To  illustrate  the  effects  of  varying  the  relative  temperature  and 
humidity  of  water  and  water  vapor  in  juxtaposition,  the  following 
tabulation  has  been  prepared: 

Table  1. — EfeeU  of  varying  the  relative  temperature  and  humidity  of  water  and  water 

vapor  in  juxtapoeition. 


Tempcdr- 

Temper- 

RelaUve 

Vapor 

Pressure 
of  vapor. 

aUireof 

ature  of 

humidity 

pressure 

Result. 

water. 

vapor. 

of  vapor. 

of  water. 

Inchuof 

Indus  of 

•F. 

•F. 

Per  cent. 

mercwy. 
0.617 

mercuTV, 
0.164 

eo 

80 

100 

Evaporation. 
Do. 

00 

60 

60 

.517 

.310 

00 

90 

85 

.517 

1.197 

Condensation. 

00 

80 

50.0 

.617 

.617 

Neither  evaporation  nor 
tion. 

oondeosa- 

Table  2,  below,  gives  the  values  of  the  vapor  pressure  of  water,  in 
inches  of  mercury,  for  temperatures  ranging  from  0®  to  212°  F. 

Tablb  2. — Vapor  preeeure  of  water  for  temperatures  ofO^  to  £12^  F.^ 


Tempera- 

Vapor  press- 

Tempera- 

Vapor press- 

ture. 

ure  of  water. 

ture. 

ure  of  water. 

InAaof 

1 

Indue  of 

*  F. 
0 

mercury. 
0.0^ 

*  F. 
70 

mercwy. 
.732 

10 

.0631 

80 

1.022 

20 

.103 

90 

1.408 

80 

.164 

100 

1.916 

40 

.247 

150 

7.552 

60 

.360 

200 

23.45 

00 

.517 

212 

29.92 

a  ICarvin,  C.  F.,  PBychrometrlo  tables:  U.  S.  Weathtf  Bureau  Bulletin  235.    1900. 
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BATB  OF  EVAPORATION  AND  CONDENSATION. 

The  rate  of  eyaporation  and  the  rate  of  condensation  depend  mamly 
on  the  diflEerence  between  the  pressure  of  the  vapor  and  the  vapor 
pressure  of  the  liquid.  Unf  ortunately,  there  are  available  no  empirical 
data  showing  the  quantity  of  water  that  will  change  to  a  unit  voltime 
of  vapor  under  a  given  difference  of  pressure  acting  for  a  unit  of  time. 

The  following  factors,  however,  determine  in  a  relative  way  the 
rates  of  evaporation  and  of  condensation,  and  evon  the  minor  factors 
assume  importance  in  studies  of  mine  air,  because  of  the  volume  of 
the  ventilating  currents  and  the  amoimt  of  moisture  they  carry. 

Temperature. — ^The  vapor  pressure  increases  with  temperature^ 
hence  temperature  is  the  most  important  factor  influencing  the  rates 
of  evaporation  and  condensation. 

Relative  humidity. — The  values  for  the  vapor  pressure  of  water  given 
in  Table  2  are  correct  only  for  a  relative  humidity  of  100  per  cent. 
For  any  other  relative  humidity  the  pressure  of  the  vapor  wiU  vary 
directly  with  the  percentage  of  saturation.  For  example,  if  the  tem- 
perature is  60^  F.,  and  the  relative  humidity  is  80  per  cent,  the 
pressure  of  the  vapor  wiU  be  0.517  multiplied  by  80  per  cent,  or 
0.414  inches. 

Volume. — ^The  rate  of  evaporation  is  ordinarily  independent  of  the 
amount,  whether  relative  or  absolute,  of  the  water.  When  water 
particles  are  exceedingly  small,  however,  as  in  exhaust  steam,  their 
surface  area  is  great,  and  the  rate  of  evaporation  is  coirespondingly 
increased. 

Absorption. — All  coals  absorb  moisture.  The  quantity  absorbed 
depends  on  the  natiu^e  of  the  coal  and  on  local  conditions  of  tempera- 
ture and  relative  humidity. 

AdaorpHon. — Solids  have  the  property  of  condensing  and  holding 
moisture  on  their  surfaces.  Coal  possesses  this  property  to'  a  remark- 
able degree.  If  water  be  brought  in  contact  with  a  pile  of  coal  dust, 
a  film  of  water  forms  on  the  outer  layer  of  the  pile,  and  it  is  exceed- 
ingly difficult  to  dampen  the  dust  beneath  this  surface. 

Coal  dust. — Fine  coal-dust  particles  provide  nuclei  on  which  mois- 
ture is  readily  deposited.  In  places  where  there  is  a  total  absence  of 
dust,  aqueous  vapor  may  become  supersaturated;  that  is,  more  than 
nonnal  quantities  may  be  present. 

Co7voecln<m. — Convection  implies  the  transfer  of  heat  by  currents. 
In  a  mine  convection  is  responsible  for  the  movement  of  heat  from 
warmer  to  the  cooler  portions  of  the  air.  It  causes  an  intimate  mixing 
of  the  air,  and  thereby  facilitates  evaporation  and  condensation. 

CkmduciAon. — Conduction  implies  the  transfer  of  heat  by  molecular 
movement.  By  it  heat  flows  from  the  zone  of  condensation  or  to  the 
zone  of  evaporation. 
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WATER   YAPOB  AS  A  OATALTTIO  AGENT. 

Some  gases  do  not  explode  in  an  absolutely  dry  atmosphere,^  but 
can  be  made  to  explode  by  a  suitable  means  of  ignition  if  small  quan- 
tities of  water  vapor,  which  acts  as  a  catalytic  agent,  be  added.  This 
fact,  however,  is  relatively  unimportant  in  the  study  of  mine-air 
humidity,  because  all  mine  air  carries  at  least  a  trace  of  water  vapor. 

WATEB  VAPOB  AS   AN   INEBT  GAS. 

Water  vapor,  if  present  in  large  quantities,  retards  ignition  and 
the  propagation  of  an  explosion  by  diluting  the  explosive  mixture. 
FnrUiennore,  before  an  explosion  can  occur,  the  vapor  must  be  raised 
to  the  ignition  temperature  of  the  gas  and  on  account  of  the  high 
specific  heat  of  water,  considerable  heat  is  thus  absorbed. 

WEIGHT  OP  AIE. 

The  weight  of  a  volume  of  air  varies  directly  with  the  pressure  and 
inversely  with  the  temperature.  At  a  pressure  of  14.7  pounds  per 
square  inch,  and  at  a  temperature  of  32^  F.,  a  cubic  foot  of  pure  dry 
air  weighs  0.080728  pound.  Table  3  shows  the  weight  of  100,000 
cubic  feet  of  pure  dry  air  at  temperatures  of  0®  to  100^  F.  and  with 
a  unifomi  pressure  of  14.7  pounds  per  square  inch. 

MOISTUBE   IN   AIB. 

Absolute  himiidity  may  be  expressed  as  grains  of  water  per  cubic 
foot  of  air,  but  because  of  the  large  amounts  of  both  air  and  water 
involved  in  studies  of  mine  air  it  is  more  convenient  to  express 
absolute  humidity  as  gallons  of  water  per  100,000  cubic  feet  of  air. 

The  amount  of  moisture  in  the  form  of  aqueous  vapor  that  may  be 
present  in  a  space  occupied  by  air  depends  mainly  on  the  temperature 
of  the  air.  Table  3  gives  the  weight  of  saturated  aqueous  vapor  in 
pounds  and  the  quantity  of  water  in  gallons  that  will  exist  in  a  space 
occupied  by  100,000  cubic  feet  of  air  when  the  relative  humidity  is  100 
per  cent  and  the  temperature  varies  from  0°  to  100°  F. 

Table  4  gives  the  changes  in  relative  humidity  that  accompany 
increases  in  temperature  from  0°  to  100°  F.  if  the  quantity  of  water 
vapor  remains  constant. 

The  interrelation  of  the  temperature  and  the  relative  humidity  of 
mine  air  is  of  great  importance.  Tables  3  and  4  indicate  (a)  that  it  is 
not  always  sufficient  for  mine  safety  to  have  a  relative  humidity  of 
100  per  cent  at  the  intake  of  a  mine,  because  if  the  entering  air  had 
a  low  temperature  the  aqueous  vapor  present  woidd  suffice  for  only  a 
low  relative  humidity  at  the  return;   and  (b)  that  to  insure  a  proper 

a  Bee  MeUor,  J.  W.,  Chemical  Statics  and  DyDamlcs,  p.  471. 
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condition  of  the  intake  air  both  temperature  and  moisture  must  be 
added  during  the  greater  part  of  the  year  in  order  to  prevent  the 
extraction  of  large  quantities  of  water  from  the  mine  by  th.e 
ventilating  current. 

Table  3. — Phynoal  changes  in  air  due  to  temperature. 
[Relative  humidity,  100  per  cent;  pressure,  14.7  pounds  per  square  indi.] 


Temperature 
of  the  air. 

Weight  of 

100,000cubic 

feet  of  pure  air. 

Weight  of 
water  in 
100,000  cubic 
feet  of  satu- 
rated aqueous 
yapor. 

Quantity  of 
water  per 

100,000  cubic 
feet  of  air. 

0 
10 
20 
30 
40 
60 
60 
70 
80 
00 
100 

Pcundt. 
8,635.4 
8,459.4 
8,275.5 
8,106.3 
7,943.9 
7,787.9 
7,637.9 
7,493.5 
7,354.6 
7,22a6 
7,001.4 

Pound». 

6.9 

11.1 

17.6 

27.6 

40.7 

58.2 

82.1 

114.0 

156.2 

211.3 

282.4 

QaUans. 

'    0.823 

1.329 

2.114 

3.312 

4.878 

6.979 

9.848 

13.686 

18.776 

25.439 

34.au 

Table  4/ — Changes  in  relative  humidity  due  to  temperature, 
[Quantity  of  water  assumed  to  be  constant.] 


Quantity  of 

Quantity  of 

Temperature 
of  air. 

water  per 

100,000  cubic 

feet  of  air. 

Relative  humidity. 

Temperature 
of  air. 

water  per 

100,000  cubic 

feet  of  air. 

Relative  humidity. 

•  F. 

Oallofu. 

PereeiU, 

•F. 

QaUoiu. 

Percent. 

0 

1.329 

Supersaturated. 

60 

1.329 

14 

10 

1.329 

100 

70 

1.329 

10 

20 

1.329 

63 

80 

1.329 

8 

30 

1.320 

40 

90 

1.329 

7 

40 

1.329 

27 

100 

1.329 

6 

50 

1.329 
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BfiSUMfi  OF  MINE-HUMIDITY  INVESTIGATIONS  IN 

UNITED  STATES. 

CABL  SOHOLZ. 

Scholz;  in  October,  1908,  drew  attention  to  the  fact  that  dust  ex- 
plosions in  Oklahoma  occurred  only  during  the  dry  periods  of  the 
year.  *  He  concluded  from  a  series  of  observations  that  ''the  hygro- 
metric  condition  of  the  atmosphere  has  the  greatest  effect  upon  the 
cause  of  explosions;  and  since  this  ia  a  matter  which  can  be  controlled 
without  much  expense,  it  is  believed  that  the  application  of  a  vapor- 
izing system  in  mines  which  are  dusty  and  generate  fire  damp  will 
prove  a  remedy." 

0  Scholz,  Carl,  Effect  of  humidity  on  mine  explosions:  Trans.  Am.  Inst.  ICin.  Eng.,  vol.  39, 1006,  pp. 
329-336. 
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H.  N.  EAVEN80N. 

Eayenson,  in  November,  1908,  prepared  tables  that  show  the  average 
monthly  weight  of  aqueous  vapor  and  the  average  monthly  tempera- 
tures in  the  outside  atmosphere  in  the  Appalachian  coal  fields.^ 
He  also  presented  the  results  of  humidity  observations  in  five  mines 
in  McDowell  and  Logan  Counties,  W.  Va.,  where  the  quantity  of  air 
delivered  by  the  fans  ranged  from  102,000  to  200,000  cubic  feet  per 
minute.  He  concluded  from  these  figures  that  "during  the  winter 
months  water  is  removed  from  the  mine  by  the  ventilating  current 
at  rates  of  21  to  69  tons  per  24  hours,  and  that  in  the  summer  months 
it  is  deposited  in  the  same  mines  at  rates  of  12  to  23  tons  in  24  hours. 
Can  anyone  doubt  that  the  removal  of  such  an  amount  of  moisture 
from  the  mine  air  of  mines  apt  to  be  dusty  may  convert  a  mine  ordi- 
narily safe  into  one  liable  to  cause  a  terrific  explosion,  if  anything 
should  happen  to  raise  the  temperature  to  the  explosion  point  of  the 
dust?" 


Haas^  has  given  valuable  information  based  on  tests  extending 
over  a  full  year  (June  1,  1908,  to  May  31,  1909)  in  certain  mines 
near  Fairmont,  W.  Va.  The  results  of  his  investigation  may  be  sum- 
marized as  follows: 

(a)  Coal  dust,  in  an  atmosphere  of  100  per  cent  relative  humidity, 
absorbs  a  small  amount  of  water,  the  exact  amount  depending  on  the 
nature  of  the  dust  and  also  on  the  length  of  time  the  dust  is  exposed. 

(J)  The  su^estion  is  made  that  the  evaporation  of  suflScient  water 
will  cool  the  temperatiu^e  of  an  explosion  below  the  ignition  point 
of  the  coal  dust. 

(e)  Temperature  and  humidity  readings  taken  of  the  outside  air 
and  of  the  return  air  in  the  mines  in  question  after  being  plotted 
on  charts  form  the  basis  for  the  conclusion  that  an  ordinary  mine  will 
show  a  large  accumulated  deficit  of  water  per  year.  ''Two  months 
during  the  year  the  quantity  of  water  taken  into  the  mine  by  the  air 
is  in  excess  of  that  taken  out.  This  period  is  approximately  from  the 
middle  of  June  to  the  middle  of  August.  Hence  it  appears  that  [in 
that  district]  artificial  means  of  watering  is  necessary  during  the 
greater  part  of  the  year — from  August  15  to  June  15." 

id)  Radiation  from  the  side  walls  of  an  entry  has  considerable 
effect  in  raising  the  temperature  of  the  air.  In  4,000  feet  of  entry, 
where  the  average  velocity  was  453  feet  per  minute  and  the  cross 
section  147  square  feet,  "over  30,000  British  thermal  units  had  been 

sEaTcoMii,  H.  N.,  Effect  of  humidity  on  mine  explodons:  Trans.  Am.  Inst.  Min.Eng.,  vol.  40, 1900,  pp. 
^Haas,  Frank,  Exhanst  steam  as  a  preventive  of  dust  explosions:  Bull  20,  Bureau  of  Mines,  1911,  pp. 
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radiated  per  minute,  which  would  be  equivalent  to  heat  derived 
from  burning  over  a  ton  of  coal  per  day."  In  this  particular  test, 
the  temperature  of  the  air  at  the  intake  was  about  24^  F.  and  at  the 
return  51  ^'F. 

(e)  The  quantity  of  water  that  can  be  carried  mechanically  in  the 
form  of  a  fog  depends  on  the  velocity  of  the  air  current.  In  order 
to  prevent  the  fog  line  from  advancing  to  the  working  face,  three 
methods  are  suggested,  as  follows:  First,  reducing  the  volume  and 
thereby  the  velocity  of  the  air  current;  second,  increasing  the  number 
or  area  of  the  airways;  and,  third,  so  changing  the  air  course  that  the 
distance  to  the  working  face  is  increased. 

BTTBBAXX  OF  lONES  INVESTIGATOBS. 

The  Bureau  of  Mines,  at  the  Pittsbuigh  laboratories  diuing  Septem- 
ber, 1909,  carried  on  some  interesting  experiments  to  test  the  explosi- 
bility  of  coal  dust  under  varying  himwdity  conditions.^  These  tests 
were  conducted  in  a  100-foot  explosion  gallery.  All  shots  were  made 
with  2i  pounds  of  black  powder  tamped  with  clay.  The  amount  of 
dust  was  120  pounds,  of  which  20  pounds  were  placed  on  a  horse  in  front 
of  the  shot  and  100  pounds  distributed  on  side  shelves  running  along 
the  full  length  of  the  gallery,  1  poimd  per  linear  foot.  A  definite 
quantity  of  water  was  mechanically  mixed  with  pure,  high-volatile, 
100-mesh  coal  dust,  and  the  air  current  entering  in  the  gallery  was 
heated  and  humidified  by  compressed-air  water  sprays. 

The  results  of  these  experiments  indicated  that  slight  dampness  of 
the  dust  was  not  sufficient  to  prevent  flame  propagation  by  an  explo- 
sion, but  that  there  could  be  no  propagation  when  the  total  moisture 
content  of  the  dust  approached  30  per  cent.  This  amount  of  moisture 
did  not  make  the  100-mesh  dust  exceedingly  wet,  as  the  dust  could 
be  formed  into  balls  in  the  hand  without  any  of  tlie  water  being 
squeezed  out.  If  more  moisture  is  added,  the  critical  point  is  reached, 
and  with  about  40  per  cent  the  mixture  becomes  a  coal  mud. 

The  conclusion  is  drawn  that  ''these  experiments,  though  they 
must  be  accepted  as  preliminary,  give  a  definite  figure  for  the  per- 
centage of  moisture  that  makes  coal  dust  relatively  safe  under 
ordinary  conditions.  As  a  pure  100-mesh  coal  dust  was  used  in  the 
experiments,  a  laiger  amoimt  of  moisture  probably  was  needed  to 
render  it  inert  than  if  it  had  contained  larger  particles,  or  had  been 
less  pure,  or  had  been  mixed  with  shale  dust.  The  tests  probably 
represented  extreme  conditions." 

a  Rice,  O.  S.,  The  exploslbility  of  ooal  dost,  with  chapten  by  J.  0.  W.  Fraier,  Axel  Lanan,  Fnoik 
Haas,  and  Carl  Sobola.    BalL  ao,  Bureau  of  Mines,  1911, 204  pp. 
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MINi:-HlTMXDITY  INVESTiaATIONS  IN  HjUNOIS. 

STAIBICBNT  OF  PBOBUBM8. 

A  Tnininminri  quantity  (usually  100  cubic  feet)  of  air  per  man  per 
minute  is  required  by  State  law  for  the  ventilation  of  coal  mines. 
This  air  must  be  delivered  to  the  places  where  the  miners  are  working. 
In  an  average  mine  in  Illinois  it  may  be  assumed  that  100,000  cubic 
feet  of  air  per  minute  is  put  into  circulation,  a  quantity  of  air  that 
will  weigh  4  tons  and  may  be  represented  by  the  volume  of  an  entry 
10  feet  wide  by  6  feet  high  by  1,667  feet  long.  As  the  ventilating 
machinery  is  kept  in  continuous  operation,  the  volume  of  air  passing 
through  the  mine  in  24  hours  will  weigh  6,760  tons  and  may  be  rep- 
resented by  the  volume  of  still  air  contained  in  an  entry  10  feet  by 
6  feet  by  453  miles  long. 

The  maTrimum  amount  of  aqueous  vapor  that  can  exist  in  any 
given  space  varies  directiy  with  the  temperature. .  For  example:    In 
winter  when  the  outside  temperature  is  only  20^  F.  there  is  littie 
moisture  in  the  air.    When  this  air  enters  the  mine  and  is  heated  to  a 
temperature  of  65^  F.  it  is  able  to  carry  much  more  moisture,  and  in 
order  to  obtain  the  moisture  it  evaporates  water  from  the  coal  dust 
and  the  mine  surfaces  and  thus  renders  the  dust  more  inflammable. 
The  general  method  adopted  to  obtain  information  on  the  changes 
in  temperature  and  relative  humidity  that  air  undergoes  in  passing 
through  coal  mines,  and  also  to  learn  the  effect  of  seasonal  variations 
on  the  humidity  of  mine  air,  was  to  install  hygrographs  and  thermo- 
graphs at  central  points  for  continuous  records  of  the  outside  atmos- 
phere and  to  install  hygrometers  near  the  intake  and  return-air  shafts 
of  a  number  of  representative  mines  to  obtain  records  of  the  mine  air. 

BB0OBD8  OF  OXTTSIDB  ATM08PHBBB. 

The  United  States  Weather  Bureau  cooperated  with  the  three 
cooperators  doing  the  work  herein  reported  and  installed  self-register- 
ing recorders  of  temperature  (therm(^aphs)  and  of  humidity  (hygro- 
graphs) at  La  Salle  and  Springfield,  HI.,  and  at  St.  Louis,  Mo. 

Similar  instruments  were  already  in  operation  at  the  University 
station  at  Urbana. 

At  Carbondale,  IH,  a  thermograph  and  a  hygrograph  were  installed 
by  the  investigators  in  connection  with  the  equipment  being  used  at 
the  local  weather  bureau. 

The  charts  received  from  these  stations  give  a  continuous  record 
of  the  temperature  and  relative  hmnidity  of  the  outside  air  for  the 
period  February,  1912,  to  April,  1913. 

The  situation  of  these  stations  is  indicated  in  the  tabulation  follow- 
ing, and  in  figure  1. 
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StaHom  reading  weather  oonditione. 


Name  of  station. 


U.  S.  Weather  Bureau 

Do 

Do 

Univcnity  of  Illinois 

invwtieatinn  and  local  observer 


Town. 


La  Salle , 

Springfield... 
St.  Louis,  Mo 

Urbana 

Carbondale. . 


County. 

La  Salle 

Sangamoo  (near) 
StTciairCiMW)., 

Champaign 

Jacksda 


Part  of  State. 


Northern. 

Central. 

Southwestern. 

Eastern. 

Southern. 


ABOORDS  OF  MINE  Ant. 

To  learn  the  moisture  content  of  the  mme  air,  20  mines  were 
sdected  to  represent  the  average  conditions  in  the  State.  In  each 
of  these  mines  two  hygrometers  were  installed— one  in  the  intake  air 
course  and  one  in  the  return  air  course.  In  order  that  the  proper 
rate  of  evaporation  from  the  surface  of  the  wet  bulb  might  be 
obtaiaed,  the  hygrometers  were  placed  at  points  where  the  velocity 
of  the  air  was  at  least  600  feet  per  minute. 

The  intake  hygrometer,  which  in  each  mine  was  installed  within 
300  feet  of  the  downcast  shaft,  gave  records  of  the  average  daily 
amoimt  of  moisture  carried  by  the  ventilating  current  as  it  entered 
the  underground  workings.  These  readings  therefore  supplemented 
the  Weather  Bureau  observations  by  showing  the  changes  in  the 
temperature  and  relative  humidity  of  the  air  due  to  variations  in  the 
shaft  conditions,  such  as  depth,  amount  of  falling  water,  and  presence 
of  steam  and  water  pipes.  The  return  hygrometer  was  placed  at  a 
point  within  500  feet  of  the  upcast  shaft,  and  showed  the  moisture 
content  of  the  air  leaving  the  mine.  The  readings  of  both  hygrome- 
ters were  made  by  local  officials  of  each  mine  three  to  six  times  for 
each  24  hours,  and  the  results  were  forwarded  to  Urbana  for  tabula- 
tion. 

The  names  of  the  mines  that  furnished  hygrometric  data  are 
given  in  Table  5,  following: 

Table  5. — Mines  fwrnieking  hygrometric  data,  hours  of  reading,  and  names  of  readers. 


Name  of  mini*. 

1 

Company. 

Town. 

County. 

Hours  of  reading. 

Name  of  reader. 

OgHhr 

Oglesby  Coal  Co... 

La  Salle    County 
Carbon  Cool  Co. 

Bl£  Muddy  Cool 
AlronCa 

Goal  Valley  Min- 
ing Co. 

Assumption  Coal 
Mining  Co. 

Clark  Coal  4&  Coke 
Co. 

Joneii   A   Adams 
Coal  Co. 

Woodside  Coal  Co. 

Manufacturers   & 
Consumers  Coal 
Co. 

Saline  County  Coal 
Co. 

Oglesby 

La  Salle.... 

Murphys- 

boro. 
Sherrard 

Assumption. 

Peoria 

Springflrid.. 

do 

Deoatur 

Harrisburg. . 

La  Salle 

Jackson 

Meroer 

Christian.... 
Peoria 

do 

y^y^ffn 

Saline 

7  a.  m,,  12  m.,  4 

p.m. 
7  a.  m.,  12  m.,  3.30 

p.  m.,  9.30  p.  m. 
do 

7  a.  m.,  12  m.,  4 
p.m. 

S  a.  m.,  12  m.,  4 
p.  m. 

8  a.  m.,ll-a.  m.,2 
p.  m. 

8  a.  m.,  12  m ,  4 

p.m. 
...:.do 

D.  W.  Kelly. 

V  '"" J  ........ 

LaSaOesbaft... 
Xa9 

J.  a.  MHIhouse. 
J.  M.  MltoheU. 

No.  2 

R.  E.  Lee. 

Nal 

T.  J.  Connolly. 
R.  U.  Tyson. 
P.W.MacMurdo. 
Robert  Wilson. 

Empire  Ma  2.... 
^Bsles  No.  1 . . . 
WoodsUe. 

LangwalllLAC. 
No.3 

7J0  a.  m..  11.30 
a.  m.,  8  JO  p.m. 

7  a.  m.,  12  m.,  4 
p.m. 

Louis  White. 
Walter  Scott. 
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Tablb  5. — Mines  fumiMng  hygrometrie  data,  hours  of  reading,  and  names  of 

remers — Continued. 


Name  of  mine. 


Equality  No.  1.. 
Hart-wmiams.., 

Paradise 

East  Mine 

BigMaddy 

No.3 

Madison  No.  2.. 
LumaghlNo.  2. 

No.6 

Little  Vennnion 


Company. 


Gallatin   Coal   & 

Coke  Co. 
Hart-Williams 

Coal  Co. 


Paradise  Coal  & 
Coke  Co. 

United  Coal  Min- 
ing Co. 

Chicago  &.  Big 
Muddy  Coal  Co. 

Superior  Coal  Co.. 

Madison  Coal  Cor- 
poration. 
LumaghiCoalCo.. 

CentraliaCoalCo. 

BunsenCoalCo.. 


Town. 


Equality 

Benton 


Duquoin 

Christopber. 

Marlon 

Oiltesple 

Qlen  Carbon 
CdllnsvlUe.. 
Centralla.... 
Westville. . . 


County. 


Qallatln.... 
Franldin... 


inerry, 


Franklin... 
Willlaniaaa 
Macoupin.. 
Madison.... 

do 

Marion 

Vermilion. . 


Hours  of  reading. 


7  a.  m.,  12  m.,  4 
p*  m. 

8  a.  m.,  12.30  p.  m^ 

4.30   p.    m.,   f 

?.  m.,  12  a.  m., 
a.  m. 
7  a.  m.,  12  m.,  4 
p.  m. 


.do. 


8  a.  m.,  12  m.,  3 

p.  m. 
7  a.  m.,  12  m.,  4 

p.  m. 

...:.do 


8  a.  m.,  12  m.,  4 
p.  m.,  6  p.  m. 

8  a.  m.|  1  p.  m.|  8 
p.  m. 

7  a.  m.,  12  m.,  4 
p.  m. 


Name  of  reader. 


J.  B.  Smith. 

C.  O.Wellingtoo, 
Robt.  Wauj^ 


J.  H.  Lester, 
Hugh  McOoa- 
aghle. 

Walter  Stephens. 

A.  B.  McClaran; 

J.  L.  Moses. 
PhiUp  White, 

D.  E.  Reese. 
William  Turtoo. 

W.  T.  SouUy. 

J.  H.  Hpye. 

W.  B.  WHey. 


CAIiCUIiATION  Ain>  TABULATION  OF  BESTTLTS. 

The  moatMy  reports  from  the  Weather  Bureau  stations  contained 
for  each  two-hour  interval  the  average  temperature  and  relative 
humidity  of  the  outside  atmosphere.  The  daily-report  cards  from  the 
20  mines  contained  records  of  the  quantity  of  air  in  circulation  under- 
ground and  at  least  three  readings  of  the  wet-bidb  and  of  the  dry- 
bidb  thermometers  of  the  intake  and  return  hygrometers.  From 
these  records  the  average  daily  readings  were  obtained  and  the  results 
recorded  in  the  weekly  humidity  reports.  By  further  combination 
the  average  weekly  readings  were  computed  and  calcidations  were 
made  of  the  quantity  of  water  per  100,000  cubic  feet  of  air  and  also 
of  the  quantity  of  water  deposited  or  extracted  per  24  hours.  A 
specimen  daily-report  card  and  a  specimen  weekly  humidity  report 
are  shown  below. 

Specimen  daily  report  card  of  mine-humidity  reading. 


Daily  Rbpobt. 

Mine,  Paradise.  Address,  Duquoin,  111. 

Total  air  in  mine,  66,500  cu.  ft.  per  min. 


Date:  4-1-1912, 


Return  air: 

Intake  air: 

Time. 

Dry 
buR). 

Wet 
bulb. 

Time. 

Dry 
bulb. 

Wet 
bulb. 

Velocity 

7  a.  m. 

60i 

59) 

Velocity 

7  a.  m. 

31 

30 

520 

1,478 

Area 

12  m. 

60) 

59) 

Area 

12  m. 

34 

30 

96 

45 

4  p.  m. 

60i 

60 

4  p.  m. 

36 

33 

(Signed) 


J  AS.  H.  LiSTEB, 

Mine  manager. 
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Specimen  weekly  humidity  report. 


So.  17. 


_«^  Shemrd  No.  2. 

Operator,  Coal  Valley  Minfaig  Co.    Address,  Sherrard. 
Total  air  current,  52,000  cu.  it.  per  minute. 


Week  ending  May  12, 1912. 


Average  readings. 


OUISIDB  AIR. 

Diybnlb (t).. 

WeCbalb (t').. 

DepieBBtan (t-t').. 

RcTluimidity (%).. 

Dry  bulb (t 

Wetbiilb. (f 

DepRisslon.  _..... .(t — t' 

Reriinmkiity (% 

RKTDXK  Am. 

Dry  bulb (t) 

Wet  bulb (tO 

(t-tO 

bimmidity .....(%) 


Monday. 


«i 


64 


90 


67} 
97 


Tuesday. 


67| 


66 


90 


68 

H 

94 


Wednes- 
day. 


62 


55 


67 

1 

91 


94 


Thurs- 
day. 


61 


56 


57 

U 
91 


67i 
66} 

95 


Friday. 


m 


59 


89 


67J 
66} 
1 
95 


Satur- 
day. 


58 


89 


92 


67J 
66J 
1} 
94 


Sunday. 


461 


83 


61* 


66} 
95 


Compotations  Itom  average 
readings. 


Outside  air 

IntakB  air  shaft, 
tir  shaft 


Dry  bulb 
(tJ*F. 


6U 
6l| 
67| 


Depres- 
sion of 
wet  bulb 

(t-f). 


1 


Relative 

humidity 

%. 


67 
91 
95 


Oals. 
water  per 

cu.  ft. 
air. 


6.85 

0.65 

12.06 


Gala. 

water  per 

total 

air  24 

hours. 


5,147 
7,414 
9,082 


Oals. 
artifi- 
cially 
intro- 
duced 
per  24  hrs. 


Gals,  of 

water, 

extract«d, 

(-),de. 

posited 

(+),P«' 
24  hrs. 


After  the  investigation  had  continued  for  one  year,  tabulations 
(Table  6),  from  the  weekly  averages  were  made  showing  the  tempera- 
ture, relative  humidity,  and  actual  moisture  content  (gallons  of 
water  per  100,000  cubic  feet  of  air)  of  the  outside  atmosphere  and  of 
the  intake  and  the  return  air  in  each  of  the  20  mines.  Typical 
results  of  these  tabulations  are  plotted  in  figures  2  and  3. 

METHOD  OF  USING  PSTCHBOICBTRIC  TABLE  S.a 

In  order  to  show  the  method  of  using  psychrometric  tables,  a  deter- 
mination is  given  in  full  below: 

1.  Information  given  and  to  be  obtained: 

Mhie 
Reading.  intake.  Mine  return. 

Area 10  by  16  feet. 

Velocity 625  feet  per  minute. 

Barometer &30  «>30 

Dry  bulb  (0 10*^  60** 

Wet  bulb(0 8*"  59i** 

A  Harvin,  C.  F.,  Psychrometric  tables  for  obtaining  the  vapor  pressure,  relative  humidity,  temperature 
of  the  dew  point,  and  grains  of  water  per  cubic  foot  of  air:  U.  S.  Weather  Bureau.  Bull.  235, 1800. 

fr  The  normal  barometer  reading  for  any  mine  in  Illinois  may  be  aasumed  at  30  inches.  Any  error 
leaoJting  from  this  assumption  is  exceedingly  small. 
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2.  Use  of  the  tables: 
(a)  Quantity  of  air  passmg  through  mine — 

AreaXvelocity=160X625=100,000  cubic  feet  per  minute. 


5 


a 


o 


l4 

o 

S 

a 

o 

& 

.a 

S 

o 


o 

P. 


o 


CI 

O 


(b)  Depression  of  wet-bulb  thermometer — 

Intake  air:  (f-O=(10-8    )=2°. 
Return  air:  (i-O=(60--59i)=i*'. 

(c)  Relative  humidity  (U.  S.  Weather  Bureau  Bull.  235,  Table  7)~ 

Relative  humidity  of  intake  air,  with  air  temperature  =10^  and  depression  of  wet 
bulb=2°=56  per  cent. 
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Rdathre  humidity  of  letum  air,  with  aii  tempemtuze^OO^  and  depression  of  wet 
biilb==l**=97  per  cent. 

(rf)  Qoantity  of  water  per  cubic  foot  of  air  (Bull.  235,  Table  XII): 

Quantity  of  water  in  intake  air,  with  air  temperature«10^  and  with  the  relative 
humidity =56  per  cent=0.435  grains  per  cubic  foot  of  air. 

Quantity  of  water  in  return  air,  with  air  temperatures60^  and  with  the  relative 
humidity=97  per  cent«5.573  grains  per  cubic  foot  of  air. 
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FiGUKB  X—Conres  plotted  from  hygrometric  reoords  of  a  typical  room-ond-pniar  mine  In  Meroer  County,  IlL 

(«)  Gallons  of  water  per  100,000  cubic  feet  of  air— 

If  1  pound  avoirdupoi8s7,000  grains  and  1  gallon  of  water  at  ordinary  temperatures 
wei^is  8.35  pounds,  then: 
Gallons  per  100,000  cubic  feet  of  intake  air— 

0.435X100,000    rt-..      „ 
-^^5^g^^g^==0.744  gallon. 

Gallons  per  100,000  cubic  feet  of  return  air — 

5.573X100,000    ^  ^^^     „ 
7,000X8.35    ^^'^  ^'''^' 
(J)  Extraction  or  deposition  of  moisture — 

The  amount  of  air  passing  through  the  mine  is  100,000  cubic  feet  per  minute;  there- 
fore every  minute  9.535-0.744=8.791  gallons  of  water  are  extracted  from  the  mine. 
Reducing  this  amount  to  24  hours,  we  find  that  under  the  assumed  conditions  an  enor- 
mous quantity  is  taken  daily  from  the  mine,  namely,  8.777  gallonsX60  minute8X24 
houi8»  12,659  gallons=52.85  tons  of  water  a  day. 
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HYGBOHBTBIO  RECORDS. 

Table  6,  giving  the  weekly  averages  of  the  hygrometric  records 
made,  is  presented  below: 

Table  6. — Weekly  averages  of  hygrometric  records  made  in  lUinois  cooperative 

investigations, 

ooiiSSBY  imrXp  oolbsby  coax,  oa,  za  sallx  oouvty. 


XMT^t^ 

-I. 

Temperature 

. 

Relative  humidity .» 

Water  in  100,000  cublo  feet. 

Wtos. 

ending— 

OiitRMe 

Intake 

Return 

Outside 

Intake 

Return 

OutBide 

Return 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

1012. 

•F. 

•F. 

•F. 

PereefU. 

Per  cent. 

Percent. 

OaiUmt. 

OaUon*. 

ChUom. 

Mar. 

3 

15.00 

28.44 

71.17 

74.00 

07.00 

80.67- 

1.25 

X34 

1X74 

10 

21.00 

20.02 

71.17 

83.00 

05.50 

05.03 

1.76 

3.15 

13.55 

17 

27.50 

84.56 

71.00 

83.00 

83.67 

07.00 

X46 

X33 

1X71 

24 

28.67 

36.77 

71.83 

77.00 

80.00 

06.50 

X41 

\85 

14.01 

31 

86.33 

80.00 

71.60 

77.00 

80.60 

04.00 

8.28 

4.21 

1X54 

June 

30 

76.00 

7a  33 

75.00 

61.00 

85.00 

01.00 

10.11 

11.76 

14.61 

July 

7 

75.92 

73.67 

75.73 

79.00 

00.00 

06.00 

13.06 

IX  S5 

15w77 

14 

77.42 

73.82 

76.13 

75.00 

86.00 

09.67 

1X20 

13.30 

16.56 

21 

60.42 

68.13 

76.67 

64.00 

8X50 

100.00 

8.60 

10.63 

16.02 

28 

76.60 

73.60 

76.60 

60.00 

86.60 

100.00 

11.65 

13.30 

16.80 

Aug. 

4 

65.58 

66.67 

76.50 

67.00 

80.00 

100.00 

7.04 

0.83 

16.83 

11 

67.00 

67.50 

76.33 

80.00 

84.17 

100.00 

0.03 

ia62 

16.74 

18 

70.67 

70.13 

76.22 

79.00 

00.33 

100.00 

11.05 

1X42 

16.60 

25 

72.25 

71.33 

76.83 

7X00 

80.00 

99.83 

ia50 

1X71 

16.08 

Sept. 

1 

74.00 

72.67 

77.00 

7X00 

86.00 

100.00 

11.20 

1X82 

17.10 

8 

80.15 

76.47 

77.00 

70.00 

85.00 

100.(0 

13.20 

14.30 

17.10 

15 

62.38 

71.33 

77.00 

67.50 

8X00 

100.00 

7.10 

11.71 

17.10 

22 

50.33 

63.56 

76.50 

8X00 

84.00 

100.00 

7.80 

0.31 

16.88 

29 

54.13 

58.33 

76.00 

73.00 

79.00 

100.00 

5.88 

7.35 

16.57 

Oct. 

6 

58.33 

58.23 

75.00 

'60.00 

80.00 

100.00 

6.42 

7.42 

16.05 

13 

55.00 

60.67 

75.00 

8X00 

85.00 

05.00 

6.81 

8.56 

15.25 

20 

58.33 

56.08 

75w00 

68.00 

80.50 

05.00 

5.83 

7.43 

15.25 

27 

47.00 

51.67 

75.00 

73.00 

80.00 

86.00 

4.58 

5.02 

13.81 

Nov. 

3 

44.50 

50.83 

74.83 

7a  00 

70.00 

88.00 

4.02 

5.68 

14.05 

10 

46.33 

51  50 

73.83 

7X00 

80.00 

00.67 

4.42 

6.09 

14.48 

17 

43.33 

50.80 

74.33 

7X50 

81.67 

84.00 

8.00 

5w78 

13.21 

24 

45.33 

48.04 

73.67 

66.00 

80.00 

06.67 

XOO 

5.38 

14.01 

Deo. 

1 

34.00 

40.67 

78.07 

70.00 

80.80 

00.80 

X73 

4.04 

15.08 

8 

35.30 

43.13 

73.00 

80.00 

85.00 

09.80 

8.28 

4.65 

15.04 

15 

26.00 

35.22 

72.67 

6X00 

80.00 

09.00 

1,72 

3.27 

14.76 

22 

31.67 

30.44 

72.44 

75u00 

85.00 

09.83 

X67 

4.07 

14.78 

29 

31.60 

37.20 

71.80 

60.00 

86.00 

100.00 

X45 

3.78 

14.50 

I^  SALLB  imrX,  UL  BALLS  OOTOTY  OABBOV  COAL  00.,  Z-A  SALLX  OOtnTTY. 


1912. 

Feb. 

25 

82.83 

40.33 

74.00 

83.00 

86.33 

86.00 

8.10 

5.89 

13.88 

liar. 

3 

15.00 

30.67 

74.13 

74.00 

82.33 

85.50 

1.25 

8.05 

13.35 

10 

21.00 

30.25 

74.17 

79.00 

82.00 

85.00 

1.75 

8.89 

13.29 

17 

27.50 

43.00 

74.00 

83.00 

79.00 

85.33 

X47 

4.30 

13.33 

24 

28.67 

45.50 

74.00 

77.00 

82.00 

86.00 

X41 

4.86 

13..^ 

Hay 

5 

59.67 

47.50 

74.00 

77.00 

88.00 

86.00 

7.36 

5.41 

13.38 

12 

61.75 

64.25 

76.00 

65.00 

84.25 

87.00 

6.80 

9.56 

14.38 

19 

56.00 

58.90 

76.00 

64.00 

86.00 

00.00 

5.50 

&15 

14.01 

26 

74.50 

68.67 

76.25 

61.00 

80.00 

03.00 

0.64 

11.66 

15.53 

June 

2 

7a  25 

60.88 

76.50 

77.00 

90.00 

02.75 

ia55 

12.27 

15.61 

9 

61.66 

64.33 

77.00 

69.00 

00.00 

01.00 

6.14 

ia24 

15.56 

16 

71.00 

68.00 

77.00 

67.00 

90.00 

01.00 

9.47 

11.54 

15.56 

23 

64.00 

66.20 

77.00 

67.00 

80.00 

01.00 

7.54 

ia76 

15.56 

30 

77.50 

72.50 

77.00 

59.50 

88.00 

01.00 

ia34 

13.05 

15.56 

July 

7 

76.33 

74.67 

78.00 

80.00 

02.00 

01.33 

13.40 

14.61 

16.11 

14 

78.50 

76.33 

78.00 

72.00 

00.50 

02.50 

12.91 

15.15 

16.32 

21 

68.00 

71.75 

78.00 

66.50 

85.00 

04.50 

8.53 

1X26 

16w67 

28 

76.00 

73.25 

78.00 

67.00 

01.33 

06.00 

11.11 

13.87 

16.04 

Aug. 

4 

64.50 

68.50 

78.00 

68.00 

85.00 

06.00 

7.78 

11.08 

16.94 

11 

66.50 

68.87 

78.25 

75.00 

88.00 

06.00 

9.16 

11.61 

17.01 

18 

73.20 

71.75 

78.40 

77.00 

03.00 

06.00 

11.68 

13.47 

17.15 

25 

72.25 

73.00 

78.00 

72.00 

03.00 

06.00 

ia60 

14.01 

16.94 

a  The  100  per  cent  relative  humidity  of  the  return  air,  as  reported  from  July  14  to  Oct.  6,  is  too  high,  the 
error  being  due  to  the  Cailure  of  the  vnoking  to  ocnduct  water  from  the  cup  to  the  wet-bulb  thennometer. 
This  failure  was  caused  by  the  clogging  of  the  wick  by  impurities  in  the  water  and  by  dust  settling  from  the 
air  currents. 
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MIWB-HUMIDITT  IITVXfiTIQATIONB  IK   ILLINOIS. 

T^BLK  s. — fKieify  overagtM  oj  h^grvmetne  reoonit  moiJt  in  JUtnoii  eoopcrata 
tntwtfi^aCunu— Oontiiiued . 

LA SALU MOM,  Z^  T**'^™  OOUVTT OAftBOV OOAI.  OO., I^ SAIXS  OOmTT— Coi 


IB.  47 
53.  S3 
W.25 
64.47 


73.  «7  / 
77.  OO  I 
72.  7S   I 


5S.OO 
57.  «7 
AS.  13 
40. -40 


4S.33 

43-5" 
40.  OO 
40.00 
fiS-OO 
52.  A« 
fi0.60 
5S.7S 
57.  «7 


77.00 
7«.90 
7«.I7 
76.83 
76.07 
76.00 

76.00 
76.00 
78ul7 
76.60 
76.  7S 
76.33 
76.00 
76.00 
70.00 
76.78 
77.00 


WBtviDlOO^oublcl 


Oatatd*     iDlakt 


t,  Bia  ICTTD**'*" 


ooAX>  *  mov  oa,  murpuxkboko,  jaoksov  oonr 


-^pr.    i! «i'o6' 


O.00  S-IK 

«a.oo  *!;» 


OS. 
B5. 
66. 


'.SO 

73.00 


^s 

ss 

a.TB 

»^S 

too 

00 

4.te 

77,60 

fn'.ua 

100 

100 

la 

i 

4.20 

4.88 

0.40 

es.oo 

99 

m 

81.00 

80.67 

ou 

6.  Ml 

8^63 

26 


THE  HUMIDITY  OF  MINE  AlE. 


Table  6. — Weekly  averages  of  hygrometric  records  made  in  Illinois  cooperative 

investigations — Continued. 

Mm  HO.  9,  BIO  MITDDT  OOAL  A  XROIT  CO.,  MUKPHYBBORO,  JACKSOIT  OOtnTTT— Con. 


Week 

Temperature 

• 

Relative  humidity. 

Water  in  100,000  cubic  feet. 

ending — 

Outside 

Return 

Outside 

Return 

Outside 

Intake 

Return 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

1912. 

•F. 

•F, 

•F. 

Per  cent. 

Percent. 

Percent. 

OaOan*. 

OaOons. 

OaUot($. 

Oct.      6 

55.00 

61.00 

60.00 

81.00 

82.50 

100.00 

6.73 

8.40 

9.84 

13 

65.00 

65.50 

60.00 

72.00 

90.00 

100.00 

8.37 

10.64 

9.84 

20 

52.80 

60.00 

60.00 

85.00 

87.00 

100.00 

6.55 

8.56 

9.81 

27 

49.40 

56.60 

59.60 

76.50 

84.00 

100.00 

5.23 

7.37 

9.71 

Nov.     3 

50.67 

54.00 

59.10 

76.50 

81.00 

100.00 

5.60 

6.50 

9.55 

10 

48.67 

55.00 

57.00 

65.00 

77.00 

100.00 

4.33 

6.40 

8.89 

17 

39.33 

54.33 

59.00 

80.33 

73.00 

100.00 

3.83 

6.93 

9.52 

24 

45.75 

53.60 

58.33 

61.00 

71.50 

100.00 

3.66 

5.66 

9.31 

Dec.     1 

34.50 

48.00 

58.00 

64.50 

74.00 

"100.00 

2.67 

4.82 

9.20 

8 

41.00 

50.50 

58.00 

77.60 

77.50 

100.00 

3.93 

6.51 

9.20 

15 

25.50 

43.30 

57.76 

65.50 

66.00 

99.50 

1.77 

3.63 

9.07 

22 

31.00 

46.33 

67.67 

78.00 

72.00 

100.00 

2.09 

4.41 

9.09 

29 

30.00 

45.17 

57.00 

75.00 

76.67 

100.00 

2.48 

4.51 

8.80 

1913. 

Jan.      5 

33.50 

46.07 

57.17 

71.00 

75.00 

100.00 

2.72 

4.65 

8.94 

12 

29.20 

45.33 

67.17 

92.00 

81.00 

100.00 

2.94 

4.79 

8.94 

19 

41.00 

48.60 

56.00 

86.67 

86.00 

100.00 

4.38 

5.72 

8.59 

26 

35.25 

48.25 

57.67 

88.00 

85.00 

100.00 

3.60 

5.58 

9.09 

Feb.     2 

30.25 

44.25 

57.25 

70.00 

71.00 

100.00 

2.35 

4.04 

8.97 

9 

16.50 

42.83 

51.50 

80.00 

81.00 

100.00 

1.45 

4.38 

7.36 

16 

27.00 

45.25 

55.00 

64.00 

78.00 

100.00 

1.86 

4.59 

S.31 

23 

52.00 

51.67 

57.00 

78.00 

frl.33 

100.00 

5.84 

6.98 

8.89 

8HERRARD  VO.  S  lOHB,  COAL  VAIXSY  XINIHO  CO.,  KXaCER  C0T7HTY. 


1912. 

Mar. 

10 

21.92 

36.50 

67.17 

77.33 

99.00 

94.00 

1.78 

4.24 

11.74 

17 

29.42 

40.33 

67.42 

81.00 

97.00 

91.00 

2.63 

4.79 

11.46 

24 

30.14 

41.33 

67.60 

75.00 

96.00 

91.00 

2.48 

4.92 

11.51 

31 

37.58 

43.86 

67.50 

79.00 

92.00 

91.00 

3.51 

5.16 

11.51 

Apr. 

7 

48.50 

51.08 

67.42 

<>5.00 

96.00 

94.00 

4.30 

6.96 

11.83 

14 

57.50 

63.25 

67.07 

05.00 

93.00 

93.00 

5.97 

7.46 

11.80 

21 

45.83 

48.00 

67. 75 

72.00 

91.00 

94.00 

4.36 

6.92 

11.96 

28 

52.58 

61.57 

07.58 

66.00 

90.00 

95.00 

6.60 

6.64 

12.02 

May 

5 

63.75 

60.25 

07.  (i3 

63.00 

93.00 

95.00 

7.02 

9.22 

12.01 

12 

61.33 

61.75 

67.89 

67.00 

91.00 

95.00 

6.85 

9.50 

12.14 

19 

55.88 

65.67 

67.50 

57.00 

89.00 

95.33 

4.89 

7.66 

12.13 

26 

73.71 

64.  X3 

68.00 

63.00 

92.00 

94.00 

9.71 

10.63 

12.05 

June 

2 

66.17 

66.58 

67.92 

76.00 

93.71 

95.00 

9.13 

11.42 

12.15 

9 

62.70 

01.75 

68.00 

60.00 

92.00 

95.00 

6.42 

9.60 

12.18 

16 

70.00 

67.25 

6S.00 

67.00 

86.00 

92.00 

10.54 

10.77 

11.80 

23 

64.00 

64.75 

68.00 

63.00 

87.57 

93.00 

7.08 

10.10 

11.93 

30 

75.83 

60.33 

68.00 

63.00 

85.00 

94.00 

10.43 

11.76 

12.05 

July 

7 

77.17 

74.50 

(iK.25 

77.00 

02.00 

95.71 

13.16 

14.54 

12.37 

14 

78.33 

73.92 

68.25 

74.00 

93.00 

96.00 

13.19 

14.28 

12.41 

21 

69.67 

69.92 

68.50 

67.00 

86.43 

95.71 

9.17 

11.80 

12.48 

28 

75.58 

72.50 

68.50 

68.00 

90.14 

96.00 

12.76 

13.37 

12.51 

Aug. 

4 

64.10 

68.42 

68.50 

66.00 

83.57 

96.29 

7.42 

10.86 

12.65 

11 

67.00 

00.83 

68.50 

80.00 

90.00 

97.00 

9.93 

12.32 

12.64 

18 

73.83 

72.00 

68.50 

78.00 

93.29 

97.00 

12. 13 

13.62 

12.64 

25 

73.58 

73.50 

68.50 

TO.  00 

95.57 

97.00 

10.71 

14.63 

12.61 

Sept. 

1 

75.83 

73.83 

68.50 

09.00 

95.29 

97.00 

11.13 

14.71 

12.64 

8 

77.92 

76.50 

68.50 

70.00 

96.71 

97.00 

12.30 

16.28 

12.64 

15 

71.67 

74.92 

68.83 

70.00 

95.00 

96.33 

10.17 

15.21 

12. 63 

22 

59.92 

66.58 

60.00 

79.00 

92.50 

95.00 

7.78 

11.33 

12.50 

29 

53.17 

62.17 

60.00 

72.00 

91.00 

95.00 

5.58 

9.64 

12.59 

Oct. 

6 

60.20 

60.75 

60.00 

68.00 

91.00 

95.00 

6.09 

9.19 

12.59 

13 

64.33 

60.58 

68.25 

79.00 

87.00 

95.00 

6.41 

8.73 

12.28 

20 

52.83 

61.92 

68.25 

67.00 

88.00 

96.00 

6.19 

9.23 

12.41 

27 

48.58 

65.17 

68.00 

72.00 

89.00 

97.00 

6.64 

7.43 

12.44 

Nov. 

3 

43.83 

53.00 

68.00 

69.00 

80.00 

97.00 

3.75 

6.90 

12.44 

10 

48.00 

54.00 

68.00 

70.00 

93.43 

95.00 

4.5.S 

7.60 

12.18 

17 

44.25 

62.14 

68.00 

72.00 

88.43 

95.00 

4.10 

6.65 

12.18 

24 

43.60 

61.71 

68.00 

67.00 

88.71 

95.00 

3.87 

6.57 

12.18 

Dec. 

1 

36.50 

44.50 

68.00 

71.00 

87.00 

95.00 

3.04 

6.00 

12.18 

8 

34.33 

45.71 

68.00 

79.00 

97.00 

95.00 

3.12 

6.82 

12.18 

15 

28.00 

41.67 

68.00 

63.57 

77.00 

95.00 

1.94 

3.99 

12.18 

22 

30.50 

45.14 

68.00 

74.00 

86.00 

96.00 

2.51 

5.29 

12.18 

29 

33.33 

42.17 

68.00 

62.00 

85.00 

95.00 

2.39 

4.49 

12.18 
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Tabie    6, — Weekly   averaget  of  h^gromttric  recordt  madt 
invttttgalknu — Continued . 
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Tablb  6. — Weekly  averages  of  Jufgrometric  records  made  in  Illinois  cooperative 

investigations — Continued . 

ABSxncPTzov  vo.  1  mn,  ▲bstticptiov  ooax*  a  imrnra  oo.,  okbistiah 

COUITTY— Gontinuod. 


Temperatore 

• 

Relative  humidity. 

Water  in  100,000  cubic  feet. 

Week 

endings 

Ontside 

Intake 

Return 

Outside 

Intake 

Return 

Outside 

Intake 

Return 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

1913. 

•F. 

•F. 

•F, 

Percent. 

Per  cent. 

Percent, 

GaUime. 

GoOone. 

OnlUnu. 

liay     4 

64.37 

66.00 

76.60 

46.67 

97.17 

87.60 

6.30 

8.32 

14.27 

11 

68.00 

67.67 

76.60 

63.00 

97.00 

80.33 

4.88 

8.80 

14.57 

18 

67.17 

60.22 

76.00 

61.60 

97.00 

03.60 

7.68 

0.65 

15.74 

26 

62.33 

61.01 

76.00 

63.60 

96.33 

08.17 

6.76 

9.71 

15.43 

June     1 

74.00 

62.33 

76.00 

67.10 

96.40 

06.40 

ia42 

ia37 

l.'V.Sl 

BXPntB  VO.  8  KZa%,  OLA&SB  OOAIi  A  OOKS  00.,  PXOBIA,  PSO&IA  OOUSTT. 


1912. 

Feb.   11 

4.76 
37.00 

3&17 
46.25 

74.50 
74.00 

87.00 
88.00 

0.77 
3.23 

3.07 
4.77 

26 

63.50 

07.00 

10.73 

Mar.     3 

16.00 

32.33 

63.50 

74.00 

88.00 

07.00 

1.25 

3.22 

10.73 

10 

17.33 

33.60 

63.33 

77.00 

03.33 

07.00 

1.36 

3.37 

10.64 

17 

27.90 

36.25 

63.60 

84.00 

01.00 

07.00 

2.64 

3.87 

ia73 

24 

saso 

34.00 

63.50 

77.00 

07.50 

07.00 

2.61 

3.80 

ia73 

31 

36.00 

4a  80 

63.50 

77.50 

02.00 

07.00 

3.26 

4.61 

10.73 

Sept.  29 

60.00 

64.76 

66.33 

75.00 

74.50 

07.00 

6.23 

6.13 

11.40 

Ort.     6 

66.25 

66.25 

64.83 

65.00 

77.00 

07.00 

6.63 

6.73 

11.23 

13 

66.00 

50.67 

65.00 

81.00 

04.00 

07.00 

6.06 

0.16 

11.29 

20 

64.40 

56.25 

64.50 

67.00 

86.00 

07.00 

5.45 

7.45 

11.10 

27 

4&33 

48.33 

64.50 

72.00 

02.67 

07.00 

4.73 

6.10 

11.10 

Nov.    3 

44.60 

4a  00 

64.00 

70.00 

04.00 

07.00 

4.02 

6.12 

10.02 

10 

46.60 

47.33 

63.89 

68.00 

06.00 

07.00 

4.00 

6.04 

10.88 

17 

4Z00 

44.62 

63.83 

72.00 

06.00 

07.00 

3.78 

6.54 

10.86 

24 

43.75 

42.67 

63.83 

63.00 

06.00 

07.00 

3.52 

5.36 

10.64 

Dec.     8 

36.00 

30.17 

63.50 

81.50 

04.00 

07.00 

3.43 

4.64 

10.73 

16 

27.25 

47.00 

63.50 

63.00 

04.00 

07.00 

1.85 

5.00 

ia73 

22 

20.67 

41.83 

63.50 

72.00 

02.00 

07.00 

2.34 

4.70 

ia73 

29 

31.60 

44.00 

63.50 

60.00 

01.00 

07.00 

2.43 

5.13 

ia73 

1913. 
Jan.      0 

28.25 

42.00 

63.60 

71.76 

89.00 

07.00 

2.18 

4.67 

10.73 

19 

34.80 

46.80 

63.50 

85.30 

00.00 

07.00 

3.41 

6.41 

ia73 

26 

28.43 

43.50 

63.50 

80.00 

80.00 

07.00 

2.48 

4.03 

10.73 

Feb.     2 

26.-40 

40.20 

63.50 

78.60 

80.00 

08.00 

1.76 

4.37 

10.84 

9 

16.88 

36.50 

63.50 

70.00 

93.00 

07.00 

1.23 

3.09 

10.73 

Apr.     6 

52.25 

63.00 

63.50 

73.50 

78.76 

07.00 

6.54 

6.1^4 

10.73 

13 

41.20 

41.65 

63.22 

80.00 

88.00 

06.00 

4.08 

4.56 

10.52 

20 

66.00 

54.64 

63.33 

61.83 

78.33 

07.00 

5.14 

6.43 

ia64 

27 

57.00 

69.75 

63.43 

50.75 

83.50 

07.00 

5.30 

8.82 

10.74 

May     4 

54.25 

61.83 

63.00 

40.00 

72.00 

07.00 

3.24 

6.36 

10.55 

PEERLESS  MIHE,  JORES  A  ADAMS  OOAL  00.,  SPBnrOFIELD,  SAVOAXOV  OOXnTTY. 


1012. 

Mar.    10 

28.00 

20.17 

67.17 

62.50 

96.00 

02.00 

1.62 

8.07 

8.23 

17 

33.50 

32.00 

68.67 

81.00 

03.00 

02.60 

3.07 

3.36 

8.73 

24 

37.71 

38.00 

68.67 

78.00 

88.00 

00.00 

3.40 

3.00 

8.47 

31 

42.67 

42.25 

60.25 

78.50 

03.33 

02.00 

4.20 

4.04 

9.13 

Apr.     7 

6a  00 

45.60 

60.00 

65.00 

03.00 

04.00 

4.64 

6.54 

8.04 

14 

40.00 

44.33 

50.33 

04.00 

04.00 

05.00 

6.34 

6.36 

0.14 

21 

51.33 

66.60 

60.33 

67.00 

04.00 

00.00 

4.00 

7.94 

9.85 

28 

67.60 

60.67 

60.50 

60.00 

04.00 

07.00 

5.43 

0.15 

0.71 

July    28 

76.00 

74.67 

70.33 

67.00 

04.50 

06.00 

0.44 

15.01 

13.56 

Aug.     4 

74.67 

79.00 

66.88 

60.50 

84.00 

06.50 

11.04 

15.20 

11.93 

Sept.    1 

74.60 

74.25 

67.12 

67.00 

04.50 

06.00 

laso 

14.82 

11.85 

Oct.      6 

61.67 

61.00 

64.26 

83.00 

02.17 

06.00 

8.64 

0.38 

10.89 

13 

55.60 

aaoo 

65.25 

58.00 

80.00 

06.00 

4.00 

8.67 

11.25 

27 

63.50 

64.25 

63.50 

66.00 

00.50 

00.00 

6.13 

8.05 

iao6 

Nov.     8 

60.25 

60.00 

62.50 

60.00 

100.00 

100.00 

5.86 

0.84 

laoo 

Dec.     8 

45.25 

47.00 

61.50 

70.00 

100.00 

loaoo 

4.66 

6.28 

10.35 

22 

-  46.00 

45.00 

6a  00 

60.00 

81.00 

80.00 

2.00 

4.73 

&76 

1013. 
Jan.      6 

26.00 

24.37 

6a  25 

71.60 

00.00 

04.00 

LOO 

2.32 

0.33 

12 

26.33 

18.67 

61.00 

93.00 

08.00 

88.00 

2.62 

1.05 

8.06 

Feb.    16 

28.00 

36.00 

63.00 

65.00 

84.00 

83.50 

1.07 

8.53 

0.08 

23 

45.26 

46.75 

61.50 

74.50 

87.00 

03.00 

4.30 

5.42 

0.50 

Mar.     2 

10.00 

20.50 

60.50 

76.25 

lOaoo 

04.00 

1.64 

2.16 

0.10 

0 

23.75 

21.00 

6a75 

6a  00 

loaoo 

04.00 

1.50 

2.22 

0.40 

MISE'HTJMIDITY  INTESTIQATIONB  IN  ILLINOIS.  2i 

Table  9.— Weekly  averages  o/  ^^p-ometnc  reeordt  made  in  lUmoU  cooperative 
invesetffotions — Continued . 
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THE  HUMIPITY  OF  MINE  AIB. 


Table  6. — Weekly  averages  of  hygroTnetric  records  made  in  Illinois  cooperaHve 

investigatUms — Continued . 

MIHS  VO.  S,  SAZiZR  00T7VTY  COAIi  CO.,  If  A  RBTOBITBO,  SAUR  OOTTXTT. 


Week 

Temperature 

• 

Relative  humidity. 

Water  in  100,000  onblo  feet. 

ending— 

Outside 

Retom 

Outside 

Intake 

Return 

Outside 

Intake 

Return 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

1912. 

•F. 

•F. 

•F. 

Per  cent. 

Percent. 

Percent. 

OoIUma. 

GaUotu. 

CfaUons. 

Feb.    18 

33.83 
37.76 
33.50 
33.60 
38.16 
46.00 
49.00 
68.56 

51.58 
52.75 
52.33 
51.53 
52.50 
64.50 
64.67 
55.83 

93.00 
93.66 
94.00 
98.60 
95.66 
92.33 
92.33 
90.33 

87.83 
94.00 
94.16 
93.16 
97.00 
97.33 
96.50 
98.00 

3.61 
4.20 
3.60 
3.77 
4.36 
5.69 
6.22 
8.75 

5.74 

25 



7.23 

Mar.     3 

7.13 

10 

6.81 

17 

7.39 

24 

7.96 

31 

7.82 

Apr.     7 

64.50 

59.00 

6.75 

8.37 

14 

61.30 

57.06 

66.33 

60.00 

61.00 

96.80 

6.17 

8.11 

S.41 

21 

49.67 
58.08 

56.60 
57.22 

86.00 
84.00 

91.00 
94.50 

5.87 
7.61 

7.98 

28 

60.75 

61.00 

6.16 

8.47 

May     5 

66.75 

63.89 

57.92 

81.00 

89.17 

96.17 

9.66 

9.99 

8u82 

12 

70.60 

68.44 

59.11 

71.00 

83.00 

97.00 

9.97 

10.80 

9.26 

19 

62.80 

60.83 

59.00 

69.00 

86.20 

99.20 

7.46 

8.72 

9.44 

26 

76.70 

71.60 

59.90 

61.00 

85.20 

99.20 

10.33 

12.28 

9.73 

June    2 

72.88 

73.67 

61.17 

73.00 

86.00 

99.50 

10.96 

13.06 

10.23 

9 

71.70 

69.00 

61.00 

65.00 

84.00 

98.80 

9.40 

11.09 

iao6 

16 

71.83 

71.58 

60.83 

68.00 

80.33 

99.00 

9.85 

12.00 

10.02 

23 

66.26 

67.17 

62.33 

86.00 

91.67 

99.00 

10.08 

11.45 

10.54 

30 

68.00 

70.67 

62.17 

85.00 

93.00 

99.60 

10.91 

13.01 

10.51 

July     7 

74.62 

75.50 

63.75 

88.00 

96.00 

99.50 

13.96 

16.66 

11.10 

14 

77.50 

77.50 

64.83 

83.00 

95.50 

100.00 

14.42 

16.59 

11.56 

21 

75.17 

77.56 

66.00 

82.00 

96.00 

99.00 

13.22 

16.70 

11.89 

28 

78.08 

78.83 

66.11 

77.00 

86.50 

99.00 

13.60 

15.67 

11.92 

Aog.     4 

71.88 

72.08 

65.63 

74.00 

86.00 

99.50 

10.76 

12.58 

11.81 

11 

68.21 

71.33 

64.07 

78.00 

92.00 

98.29 

10.06 

13.14 

11.06 

18 

75.60 

65.11 

65.50 

85.00 

94.00 

99.67 

13.91 

10.97 

11.78 

25 

74.17 

75.14 

66.78 

84.00 

92.67 

100.00 

13.13 

16.54 

12.32 

Sept.    1 

75.50 

78.60 

66.93 

79.00 

90.00 

100.00 

12.89 

16.18 

12.39 

8 

78.75 

78.42 

67.83 

75.00 

89.00 

98.00 

13.64 

15.91 

12.50 

15 

71.46 

74.40 

67.30 

73.00 

89.60 

99.60 

10.46 

14.12 

12.49 

22 

62.88 

66.67 

64.83 

83.00 

90.50 

99.00 

8.99 

11.12 

11.44 

29 

49.58 

68.33 

63.44 

79.00 

83.97 

99.33 

6.42 

8.88 

10.97 

Oct      6 

54.92 

61.60 

63.61 

80.00 

85.33 

97.00 

6.63 

8.83 

10.77 

13 

66.69 

70.68 

63.08 

76.00 

78.76 

99.00 

9.34 

10.78 

10.80 

20 

44.38 

69.17 

63.00 

78.00 

89.00 

100.00 

4.46 

8.52 

10.88 

27 

49.40 

55.30 

63.00 

78.00 

86.00 

98.00 

5.33 

7.21 

10.65 

Nov.     3 

47.13 

54.17 

63.08 

77.00 

84.00 

98.33 

4.85 

6.78 

10.72 

10 

49.19 

62.50 

62.88 

70.00 

82.50 

98.00 

4.76 

6.29 

10.62 

17 

35.13 

45.50 

60.42 

68.60 

70.00 

96.00 

2.79 

4.17 

9.58 

24 

46.75 

64.83 

60.50 

61.00 

94.33 

94.83 

3.66 

7.77 

9.34 

Dec.     1 

36.62 

46.58 

59.83 

67.00 

94.00 

93.00 

2.88 

6.87 

9.11 

8 

41.50 

49.80 

60.00 

80.00 

91.00 

95.00 

4.12 

6.31 

9.35 

16 

27.75 

38.50 

59.89 

63.00 

86.50 

94.00 

1.89 

3.99 

9.22 

22 

34.60 

42.28 

60.00 

76.00 

81.50 

94.00 

3.02 

4.32 

9.25 

29 

29.83 

38.78 

69.00 

72.33 

84.00 

94.00 

2.39 

3.92 

8w»4 

EQITAUTT  MUTE,  OALLATnT  OOAL  A  COKE  00.,  OALLATUr  OOTTHTT. 


1912. 

Sept.  29 

53.50 

64.50 

Oct.      6 

64.91 

64.67 

13 

64.91 

68.00 

20 

52.76 

63.00 

27 

47.63 

59.25 

Nov.     3 

47.13 

57.25 

10 

47.91 

57.30 

17 

44.25 

66.60 

24 

45.75 

55.40 

Dec.      1 

35.90 

49.80 

15 

27.75 

45.00 

22 

34.50 

48.50 

29 

31.06 

47.30 

64.50 

81.00 

90.40 

95.40 

6.39 

10.34 

ia9i 

64.08 

80.00 

90.67 

96.67 

6.63 

10.43 

ia91 

65.08 

72.00 

89.00 

96.00 

8.36 

11.41 

11.19 

63.00 

78.50 

88.50 

96.00 

5.98 

9.63 

ia45 

64.00 

79.00 

89.00 

99.00 

6.06. 

8.52 

11.14 

63.75 

77.00 

97.00 

97.00 

4.84 

8.70 

ia82 

63.83 

68.00 

98.00 

97.00 

4.41 

8.80 

10.85 

64.00 

77.00 

88.67 

97.67 

4.38 

7.75 

ia99 

63.61 

61.00 

78.00 

96.00 

3.66 

6.57 

ia65 

62.83 

66.00 

76.00 

96.60 

2.76 

6.27 

ia34 

60.92 

63.00 

76.00 

98.00 

1.89 

4.44 

ft95 

62.08 

76.00 

79.00 

98.00 

3.02 

5.23 

ia34 

61.40 

73.00 

79.00 

98.00 

2.63 

5.01 

10.11 

MINE-HUMIIHTY  INVESTIGATIONS  IN  ILLINOIS. 
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THE  HUMIDITY  OF   MINE  AIB. 


Table  6. — Weekly  averages  of  hygrometric  records  made  in  Illinois  cooperative 

investigations — Continued . 


BIO  MXTDDT  Mm,  CHICAGO  A  BIO  mTDDY  COAL  CO.,  WIIXIAM80V  COTJHTT. 

Temperature. 

a 

Relative  humldity.a 

Water  in  100,000  cubic  feet. 

Week 

ending— 

Outside 

Intake 

Return 

Outside 

Intake 

Return 

Outside 

Intake 

Return 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

1912. 

•F. 

•F. 

•F. 

Per  cent. 

Percent. 

Percent. 

CMOmu. 

QdUone. 

OoOoiw. 

Oct.     6 

63.17 

71.17 

73.60 

77.00 

75.00 

76.00 

8.31 

10.60 

11.63 

13 

64.92 

67.00 

77.75 

72.00 

86.67 

80.67 

8.35 

10.76 

15.70 

20 

62.76 

67.17 

78.08 

78.08 

91.00 

96.67 

5.03 

8.14 

17.10 

27 

47.62 

52.42 

77.83 

79.00 

93.50 

96.67 

5.06 

7.00 

16.96 

Nov.     3 

47.12 

66.67 

77.67 

77.00 

95.33 

96.67 

4.84 

8.38 

16.88 

10 

47.88 

51.42 

77.60 

68.00 

100.00 

100.00 

4.39 

7.34 

17.37 

17 

44.25 

49.67 

77.58 

77.00 

94.67 

100.00 

4.38 

6.53 

17.41 

24 

45.75 

47.00 

76.75 

61.00 

100.00 

100.00 

3.66 

6.28 

16.95 

I>eo.     1 

35.90 

89.40 

76.25 

66.00 

•100.00 

100.00 

2.76 

4.77 

16.70 

8 

44.83 

46.00 

76.50 

74.67 

96.00 

100.00 

4.46 

5.82 

16.83 

15 

27.75 

31.67 

75.50 

63.00 

100.00 

100.00 

1.89 

8.67 

16.31 

22 

84.50 

38.75 

76.00 

76.00 

85.00 

100.00 

3.02 

8.80 

16.57 

20 

30.10 

36.00 

75.00 

75.40 

87.00 

05.00 

2.61 

8.60 

15.26 

1913. 
Jan.      5 

33.46 

40.40 

76.75 

71.00 

86.00 

97.00 

2.71 

4.32 

16.46 

12 

30.00 

36.13 

75.76 

91.00 

91.00 

97.00 

2.99 

3.84 

15.94 

19 

40.92 

41.17 

76.08 

84.67 

92.00 

97.50 

4.37 

4.68 

16.19 

28 

37.06 

41.50 

76.75 

83.00 

93.00 

96.00 

3.63 

4.79 

16.31 

Feb.     2 

81.17 

37.17 

76.00 

71.00 

92.00 

96.00 

2.48 

4.04 

16.24 

9 

18.00 

27.00 

75.00 

66.67 

91.00 

97.00 

1.28 

2.64 

15.67 

16 

26.90 

30.75 

75.00 

66.80 

85.00 

96.00 

1.93 

2.91 

15.78 

Mar.     2 

25.60 

31.50 

76.00 

87.00 

80.00 

99.00 

2.36 

3.15 

16.40 

9 

33.10 

35.35 

76.80 

76.80 

92.00 

91.80 

2.90 

3.78 

15.00 

16 

45.50 

46.13 

76.46 

75.00 

87.00 

97.00 

4.47 

6.29 

15.80 

23 

45.75 

43.33 

77.42 

75.33 

90.33 

96.33 

4.51 

4.96 

16.60 

Apr.     6 

56.38 

47.50 

79.26 

45.25 

87.60 

95.50 

3.94 

5.59 

17.52 

13 

49.76 

40.26 

78.50 

84.33 

93.67 

98.17 

5.83 

6.37 

17.50 

20 

69.06 

62.11 

78.50 

60.50 

93.33 

100.00 

5.97 

7.52 

17.02 

27 

60.33 

64.92 

78.50 

67.00 

96.00 

99.00 

6.67 

7.96 

17.25 

May     4 

65.17 

61.67 

79.33 

60.33 

95.67 

100.00 

6.04 

7.04 

18.39 

MIVX  VO.  S,  SUPBBIOR  COAL  CO.,  MACOUPIV  C0T7MTY. 


1012. 

. 

Feb.   18 

44.00 

39.88 

60.17 

67.50 

95.50 

98.60 

3.81 

4.63 

6.66 

26 

34.86 

35.00 

61.72 

77.72 

92.00 

94.00 

3.13 

8.73 

6.97 

Mar.     3 

29.33 

82.67 

52.55 

73.00 

92.00 

94.00 

2.85 

3.41 

7.17 

17 

31.00 

35.33 

51.33 

96.00 

91.00 

94.00 

3.29 

8.73 

6.88 

July     7 

80.00 

75.50 

74.00 

78.00 

96.00 

98.00 

14.64 

15.66 

15.24 

14 

79.50 

81.33 

67.25 

73.25 

95.00 

95.75 

13.54 

18.59 

11.99 

Oct.     6 

60.67 

68.00 

64.33 

68.00 

99.00 

91.67 

7.85 

12.70 

la  43 

13 

67.60 

68.80 

65.33 

66.00 

100.00 

95.33 

8.41 

13.16 

1L20 

20 

62.75 

65.42 

64.56 

6a  50 

95.00 

94.00 

6i.53 

11.20 

ia77 

27 

52.60 

67.37 

64.00 

58.25 

95.60 

84.00 

4.44 

8.60 

9.45 

Nov.     3 

40.33 

48.89 

62.17 

73.33 

98.00 

85.67 

4.06 

6.81 

9.07 

10 

5a  00 

60.42 

63.17 

75.00 

98.50 

90.50 

5.23 

9.83 

9.90 

17 

46.00 

5a  00 

63.00 

74.00 

loaoo 

85.00 

4.48 

6.98 

9.25 

24 

55.67 

53.67 

61.83 

49.00 

99.33 

89.38 

4.12 

8.16 

9.35 

1913. 

Jan.      5 

40.50 

47.50 

57.96 

5a  00 

92.00 

93.00 

2L48 

6.8S 

&48 

12 

26.00 

46.00 

56.00 

89.67 

98.00 

92.67 

2,49 

5.63 

7.96 

19 

36.00 

44.33 

66.88 

75.50 

91.50 

92.00 

8.18 

5.22 

8.13 

26 

37.33 

44.67 

57.00 

81.33 

94.00 

94.00 

3.60 

6.48 

8.36 

Feb.     2 

20.00 

41.33 

58.33 

58.00 

91.00 

80.00 

1.23 

4.66 

8.28 

Apr.     6 

67.33 

6a  67 

58.92 

62.83 

96.00 

94.33 

5.65 

9.66 

8.95 

13 

46.00 

48.00 

50.57 

83.00 

99.43 

94.28 

6.03 

6.47 

0.15 

20 

59.86 

60.73 

58.81 

52.57 

99.43 

97.00 

5.15 

iao8 

9.17 

27 

67.00 

62L22 

59.67 

49.67 

98.67 

96.00 

6.10 

ia46 

0.54 

Mm  MO.  8.  MADI80V  COAL  CORPO&ATIOV,  GLSM  CABSOV,  MADI80M  COUMTT. 

1912. 
Mar.     3 

26.00 

32.53 

65.60 

64.50 

84.00 

92.00 

1.79 

8.10 

ia87 

10 

27.40 

83.00 

66.60 

78.20 

85.00 

92.00 

2.32 

8.10 

ia87 

17 

33.67 

85.78 

66.46 

8a  00 

87.00 

96.00 

3.06 

3.63 

ia97 

24 

30.83 

80.67 

66.39 

8a  00 

88.00 

93.00 

8.83 

4.37 

iao5 

31 

42.80 

42.60 

66.42 

79.40 

88.00 

93.00 

4.20 

4.72 

ia96 

a  In  tlie  Big  Muddy  mine,  the  temperature  and  relative  humidity  at  the  return  shaft  was  higher  than 
normal  beMuae  of  heat  radiatiiig  Jtom  uooovered  steam  pipes  along  the  main  entry  and  because  of  exhaust 
steam  from  pumps. 


{ 


MINE-HUMJDITY  INTESIIOATIONS  IN  ILUN0I8.  8 

TabLiB  S. —  Weatkf  averaga  of  h/gram^Tie  .Ttcord*  made  in  lUinoii  taoperative 
mveit%gatum» — Continued . 

Mimx  wo.  t,  MAJflSOm  OOAI.  COSPOKATIOH,  eLKV  OAaSOlt,  MASIBOV  OOVVTT-Conb 


(fe.S7 

M33 

7a  00 

04.33 

S.S5 

T.37 

88.07 

«a» 

«5.ao 

91.33 

n&gs 

U.O0 

e!50 

6^00 

07.00 

OS.  00 

a:i6 

Si.  50 

76.  S7 

«.M 

(lis* 

170 

08.83 

Tfi-flO 

m.os 

88.50 

7(1% 

(h!«o 

09.00 

81(17 

77.87 

W.87 

13,  4S 

3.11 

«8.67 

«g.flO 

72-00 

liS3 

ss 

S&OO 

m:^ 

ss.oa 

OS.  83 

83,00 

M.67 

13.01 

.74 

70.50 

VS.  00 

7a  5« 

an.  33 

!S6 

71.  OO 

S7.« 

88.00 

osiao 

.70 

7a  S7 

«o.eo 

St.  SO 

05.00 

10.88 

7a  33 

06.00 

6.16 

mioo 

S7D0 

KLSO 

61S 

^30 

TO.  >0 

M.« 

7S,00 

08.87 

S.83 

10.30 

«e.  78 

S6.n 

72.67 

89.00 

B.73 

8.M 

oe.  28 

w.so 

77.33 

W.7S 

.46 

S.83 

U.17 

76.33 

94.33 

4:03 

08.50 

«a.w 

81.60 

94. « 

i.2t 

:38 

es.07 

TlOO 

7LM 

B.09 

W.33 

71.00 

©7,  17 

SLU 

Ml  00 

%!« 

2.K 

St.  60 

».eT 

8S.00 

OS.  so 

8.48 

00.88 

W.17 

76.00 

as.  00 

m.iT 

SO.  00 

OS.  00 

ZB3 

SIlSJ 

TB.40 

95.60 

a,  79 

!82 

_, 

l>0.» 

87  M 

95.00 

3;  48 

4.32 

S&.ra 

W.BT 

VLOO 

98.00 

149 

8.73 

77.  f» 

87.80 

95.  SO 

4. 27 

4.80 

SL33 

fll.OO 

06.60 

u.b; 

w.oo 

95.00 

2,21 

<U.I3 

■S.6T 

w.oo 

95.00 

135 

S5.A7 

U.O0 

88.00 

94.00 

2:1s 

3.31 

OS.  17 

H.ST 

96.00 

OS.S7 

01  IT 

wCso 

95.  K> 

2!  IT 

3!  76 

^.00 

SILK 

83.30 

98.35 

&u 

S.B1 

»7.17 

8».e7 

88.67 

94.83 

S.1S 

8.21 

67.  fS 

S3.  S3 

«&3» 

SI.  IT 

94.83 

«:» 

«to 

86.  «T 

96.00 

5.86 

«8.«7 

tl.OD 

78.8} 

M.aci 

4.81 

8.31 

easa 

81  HI 

9S.00 

X^'CTKAOHI  OOAL  CO.,  OOLLnmTIIXI,  1 


63.00 
03.00 
02.88 
03.% 

03.  TO 


_-BoU.    83-1* 


a.  a 

16.73 

X 
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Table  6. — Weekly  averages  of  hjfgrometric  records  tnade  in  Illinois  cooperative 

.investigations — Continued . 

LXTMAOHI  HO.  8  Km,  LUXAOKI  OOAIi  CO.,  COLLnrSVILLB,  MASISOIT  OOUITTY-Coiitd. 


Temperature 

• 

Relative  humidity. 

Water  in  100,000  oubio  feet. 

We 

elc 
ig— 

eiidii 

■» 

. 

Oatdde 

Intake 

Return 

Outside 

Intake 

Return 

Outside 

Intake 

Return, 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air. 

air.    ' 

1912. 

•F. 

•F. 

•F. 

Percent. 

Percent. 

Per  rent. 

OaBont. 

OnOone. 

aoOowt. 

Bept. 

1 

80.33 

79.25 

69.67 

60.33 

96.00 

98.00 

13.06 

17.61 

13.27 

8 

85.40 

77.20 

74.40 

57.40 

96.80 

95.40 

12.72 

16.66 

15.03 

16 

77.67 

77.00 

70.00 

60.00 

91.00 

97.67 

10.48 

15.56 

13.38 

22 

66.26 

76.25 

69.38 

78.25 

92.75 

96.00 

9.48 

15.49 

12. 8S 

29 

56.33 

62.00 

67.00 

56.00 

90.00 

96.00 

4.87 

9.47 

12.17 

Cot. 

6 

63.50 

63.25 

67.00 

56.33 

90.50 

96.33 

6.73 

9.93 

11.96 

13 

66.33 

65.42 

66.42 

65.33 

94.00 

96.50 

7.94 

11.08 

11.75 

20 

57.50 

62.00 

66.00 

46.00 

90.00 

95.00 

4.18 

9.47 

11.41 

27 

58.00 

59.00 

64.50 

56.00 

91.00 

95.00 

5.15 

8.66 

10.87 

Nov. 

24 

54.00 

56.00 

62.50 

62.00 

91.00 

86.00 

4.97 

7.82 

9.20 

Dec. 

1 

43.00 

48.00 

62.00 

66.00 

86.00 

80.00 

3.59 

5.48 

9.37 

8 

42.33 

51.25 

64.00 

65.67 

91.00 

90.00 

3.48 

6.55 

10.12 

15 

32.17 

39.20 

60.50 

50.17 

88.00 

95.00 

1.86 

4.17 

9.51 

22 

88.33 

45.00 

60.58 

62.17 

88.00 

94.00 

2.83 

5.14 

9.44 

29 

38.00 

43.75 

60.00 

57.50 

86.50 

94.00 

2.58 

4.83 

9.25 

1013. 
Jan.      6 

39.25 

42.75 

60.00 

50.75 

86.00 

94.00 

2.41 

4.63 

9.25 

12 

27.20 

39.40 

59.60 

91.60 

90.00 

95.00 

2.68 

4.29 

9.23 

19 

43.50 

45.25 

59.50 

77.00 

93.00 

96.00 

4.27 

5.49 

9.29 

26 

42.75 

42.50 

61.00 

85.26 

91.00 

94.00 

4.59 

4.95 

9.57 

Feb. 

2 

30.33 

42.33 

60.00 

65.67 

91.00 

94.00 

2.21 

4.83 

9.25 

9 

21.33 

30.50 

58.50 

38.67 

96.00 

94.00 

1.54 

8.25 

8.80 

16 

31.67 

36.67 

58.00 

64.00 

90.00 

94.00 

2.28 

8.88 

8.66 

23 

49.60 

37.70 

59.00 

63.40 

91.00 

94.00 

4.36 

4.08 

8.95 

Mar. 

2 

28.17 

38.67 

58.75 

77.00 

89.00 

95.50 

2.36 

4.13 

9.01 

9 

37.67 

41.25 

58.17 

60.67 

90.50 

94.50 

2.71 

4.63 

8.44 

16 

48.40 

50.50 

59.30 

72.40 

93.40 

93.40 

4.60 

6.60 

8.98 

23 

28.17 

46.75 

59.42 

82.67 

87.33 

94.00 

2.53 

5.43 

9.07 

30 

44.25 

48.25 

60.00 

86.50 

90.26 

94.00 

4.88 

5.93 

9.25 

Apr. 

6 

57.20 

55.70 

60.70 

62.00 

89.00 

92.40 

5.55 

7.56 

9.31 

13 

46.40 

53.00 

60.80 

85.80 

91.20 

90.00 

5.27 

7.07 

9.10 

20 

60.83 

58.10 

61.30 

63.67 

89.60 

89.00 

5.45 

8.22 

9.15 

27 

61.00 

61.75 

61.83 

64.17 

90.17 

91.50 

6.53 

9.41 

9.57 

liay 

4 

68.00 

62.50 

62.87 

49.00 

89.00 

89.75 

6.28 

9.52 

9.73 

11 

62.60 

63.40 

63.40 

52.20 

86.20 

89.80 

5.61 

9.50 

9.90 

UXOR  HO.  5,  OXHTBAUA  COAIi  CO.,  MABIOH  COUHTY. 


1912. 

Feb.    18 

46.00 

46.00 

61.67 

63.00 

79.00 

89.00 

8.81 

479 

9.26 

26 

34.33 

89.00 

67.92 

74.83 

80.00 

91.00 

2.06 

4.18 

8.34 

Mar.     3 

25.83 

34.00 

59.22 

70.83 

95.00 

90.00 

1.04 

8.61 

8.84 

10 

26.67 

36.00 

57.64 

79.60 

93.00 

88.00 

2.27 

8.91 

8.00 

17 

33.67 

38.67 

60.89 

80.00 

91.50 

88.00 

3.08 

4.26 

8.93 

24 

39.33 

44.39 

62.30 

80.33 

87.00 

86.00 

8.87 

4.96 

9.14 

81 

44.50 

48.75 

63.00 

78.67 

90.67 

86.00 

4.52 

6.46 

9.36 

Kay    12 

65.00 

69.00 

68.00 

76.50 

96.00 

86.00 

8.89 

13.73 

10.91 

19 

56.00 

60.00 

67.35 

65.40 

83.00 

85.00 

5.62 

8.17 

10.67 

26 

74.83 

76.00 

68.26 

60.33 

64.00 

87.00 

0.68 

10.60 

11.35 

June     2 

70.60 

74.66 

68.66 

68.00 

80.00 

88.60 

9.60 

13.71 

11.60 

9 

66.75 

74.00 

68.26 

63.50 

63.75 

88.75 

7.72 

9.92 

11.48 

16 

73.80 

78.17 

68.60 

68.40 

62.00 

87.00 

10.58 

11.00 

11.38 

23 

64.67 

70.00 

68.78 

76.00 

75.00 

80.00 

7.59 

10.26 

11.82 

30 

75.80 

77.50 

68.70 

68.00 

65.00 

86.00 

11.19 

11.39 

11.41 

July    21 

75.00 

81.00 

60.20 

78.40 

76.00 

95.00 

1Z68 

14.84 

12.67 

28 

81.60 

83.33 

69.25 

68.60 

60.00 

96.00 

13.53 

14.36 

13.83 

Aug.     4 

73.33 

76.00 

68.75 

58.67 

68.00 

94.00 

8.94 

U.27 

13.30 

11 

71.17 

75.33 

68.35 

72.60 

76.00 

03.00 

10.30 

12.33 

13.06 

18 

n.33 

80.33 

69.00 

77.00 

92.00 

94.00 

13.01 

17.45 

13.46 

25 

79.00 

81.00 

69.65 

66.67 

T9.67 

95.00 

12.13 

15.42 

13.81 

Sept.    1 

80.33 

84.17 

60.33 

69.33 

78.00 

94.83 

13.06 

16.66 

1X70 

8 

85.40 

87.40 

69.80 

57.40 

80.60 

95.00 

12.72 

18.97 

13.01 

15 

77.67 

82.11 

69.50 

60.00 

91.00 

94.00 

10.48 

18.24 

13.66 

22 

63.83 

70.50 

60.00 

80.00 

88.67 

03.00 

8.95 

13.33 

1ZS3 

29 

59.67 

65.17 

68.05 

59.50 

81.00 

00.50 

5.79 

9.47 

11.62 

Oct      6 

63.50 

67.42 

67.42 

56.33 

75.50 

88.00 

6.73 

9.50 

11.08 

13 

66.33 

72.33 

68.17 

65.33 

75.00 

87.67 

7.94 

11.06 

11.54 

20 

61.00 

65.56 

67.92 

66.33 

73.00 

87.00 

5.67 

8.64 

11.13 

MINB-HTJMIDITY  INVESTIGATIONS  IN  ILUNOIS. 
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DISOT78SION  OF  HYOBOMETBIC  BBOOBDB. 

Comments  on  the  records  contained  in  Table  6  and  deductions  from 
them  are  given  below. 

TKMPEEATUKE    AND    RELATIVE    HUMIDITY    OF    OUTSIDE    AIU    DURING 

PERIOD   OF  TESTS. 

Dnring  the  year  February  1,  1912,  to  January  31,  1913,  the  total 
raoge  of  temperature  and  the  maximum  and  miniTniifn  temperatures 
at  two  Illinois  weather-bureau  stations  were  as  shown  below: 

Annual  temperature  range  at  two  stations. 


W«atber-bureau  station. 

Mazlmnm 
temperature. 

MfnlDuim 
temperature. 

Total 
annual 
range. 

•F. 

Date. 

•F. 

Date. 

•F. 

USalle 

»7 
96 

Sept.   8,1912 

-7 
-9 

Feb.     4,1913 
. ....do.. 

104 

Springfleid 

105 

The  mean  monthly  temperatures  for  the  same  period  were  as  given 

below: 

Mean  monthly  temperatures  during  period  of  tests. 


Date. 


1912. 


February. 
MMch.... 

iJ?";:;:: 

Jane 

July 

Auxttst... 


Tempera- 
ture at 
LaSaUe 
weather- 
bureau 
station. 


20.4 
28.0 
fiO.7 
64.1 
68.1 
74.6 
70.8 


Tempera^ 

tureat 

Sprinefleld 
wcather- 

burean 

station. 

^  F. 

24.6 

32.1 

54.3 

66.4 

00.8 

77.1 

73.9 

Date. 


1912. 


September. 
October... 
November. 
December. 


1913. 


January. 


27.6 


Tempera- 

Tempera- 

ture at 

ture  at 

LaSalle 

Sprini^fleld 

weather- 

weather- 

bureau 

bureau 

station. 

station. 

•  F. 

•  F. 

66.0 

68.2 

53.7 

57.0 

41.8 

43.4 

32.6 

34.6 

30.8 


The  mean  annual  temperature  during  1912  in  each  county  in  Illinois 
that  produces  coal  is  given  below: 

Mean  annval  temperature  of  counties  producing  coal. 


Name  and  County. 


BoTBHi,    Grundy,    Henry,    LaSalle, 

,RockIslaad,WiU 

Mbssuhi,  liarahall,  Mercer,  Peoria, 
I*atoam,  Stark,  Warren 

Poltoo,  Haaoock,  McDanoogh,  Mc- 
Len,  TmweU,  Vermflion,  Wood- 
ford  

Brown,  Edgar,  Logan,  Macon,  Htoard, 
MoQttrie,  Sangamon,  Schnyler 


Mean 

annual 

tempwa- 

torefor 

1912. 


•  F. 


48 
49 

50 
51 


Name  of  County. 


Calhoun,  Christian,  Oreen.  Maooopin, 
Montgomery,  Scott,  Shelby 

Bond,  Jefferson,  Jersey.  Marum 

Clinton,  Franklfai.  Madison,  St.  Clair, 
Washington,  Williamson. 

Jackson,  Perry,  Randolph,  Saline 

Gallatin 1... 


Mean 
annual 
tempera- 
ture for 

1912. 


52 
53 

54 
55 
56 
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The  average  maximuin  and  minimum  daily  temperatures  and  the 
average  daily  range  in  temperature  at  the  La  Salle  weather  bureau 
station  for  the  12  months  beginning  February,  1912,  are  below: 

Average  daily  temperature^  by  numthef  at  La  Salle  station. 


Month* 


1012. 

February 

March , 

AprU 

May 

June 

July 

August 

September 


Avenge  daily  tempera-  \ 
ture. 

Maxi- 
mum. 

Mini- 
mum. 

Range. 

.  •F. 

•F. 

•F. 

26.9 

13.6 

13.3 

35.8 

20.0 

15.8 

60.6 

40.7 

19.9 

74.8 

53.1 

21.7 

79.7 

56.7 

23.0 

85.5 

63.4 

22.1 

80.8 

61.4 

18.4 

76.6 

66.4 

20.2 

Month. 


October. . . 
November. 
December. 


1913. 


January. 


Average. 


Average  dally  tempera- 
ture. 


MaxI- 

mum. 


•F. 
65.3 
5a7 
4a5 


35.6 


Mini- 
mum. 


•F. 
42.7 
33.0 
24.4 


lfi.0 


Xlange. 


•F. 

22.6 
17.7 
16l1 


16.5 


18.9 


It  is  significant  that  the  greatest  diurnal  range  in  temperature 
occurred  in  the  spring  and  autumn  seasons  and  coincides  with  the 
period  of  the  greatest  frequency  of  roof  falls  in  the  mines. 

In  a  tabulation  of  the  linear  expansion  of  solids  at  ordinary  temper- 
atures;  prepared  mostly  by  the  British  Board  of  Trade,  the  increase 
in  xmit  length  for  a  temperature  change  of  1°  F.  is  given  as  follows: 

Slate 0.00000577 

Sandstone 00000652 

In  an  entry  10  feet  wide,  therefore,  if  the  lower  layer  of  the  roof 
assumes  the  temperature  of  the  air,  temperature  changes  will  cause 
expansion  as  follows: 

Mine-roof  expansion  due  to  temperature  changes. 


Kind  of  mine  roof. 

Lineal   expansion   due   to 
temperature  changes. 

Diurnal 
change  23*. 

Annual 
change  105*. 

Slate 

iTiehet  per  10 
feet. 
0.0159 
.0180 

Inches  per  10 
fed. 
0.0T27 

Sandstone 

.0822 

If,  therefore,  this  daily  shrinkage  and  swelling  of  the  exposed  roof 
layers  takes  place  as  a  result  of  temperature  changes  in  addition  to 
the  effect  caused  by  changes  in  the  moisture  content  of  the  air, 
there  need  be  little  wonder  that  roof  falls  are  particularly  prevalent 
in  the  intake  air  courses. 

In  many  mines  in  which  the  roof  is  friable,  the  application  of  the 
method  for  maintaining  a  uniform  temperature  of  the  intake  air 
su^ested  on  pages  52  to  61  would  be  especially  desirable. 
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Table  7  following  gives  for  each  two-hour  interval  the  mean  monthly 
temperatures  at  the  LaSalle  weather-bureau  station  for  the  16 
months,  February,  1912,  to  May,  1913. 

Table  8  gives  for  each  two-hour  interval  the  mean  monthly  relative 
humidity  at  the  same  station  during  the  same  period. 


TEMPERATURE    AND   RELATIVE   HUMIDITT   OF   THE   RETURN    MINE    AIR 

DURING  THE  TESTS. 

The  temperature  and  relative  humidity  of  the  upcast  at  any  mine 
should  be  approximately  constant  throughout  the  year.  In  the 
return  air  at  the  Sherrard  mine,  during  52  weeks,  the  maximum 
fluctuation  in  temperature  was  1}°  and  in  relative  humidity  6  per 
cent.  This  draws  attention  to  the  fact  that  (except  in  new  mines) 
the  efficiency  of  the  main  entry  stoppings  may  be  measured  in  terms 
of  the  seasonal  changes  in  the  temperature  of  the  upcast. 

Table  9  shows  the  temperature  and  relative  humidity  of  the  return 
air  at  three  long-wall  and  five  room-and-pillar  mines  in  which  three 
observations  were  made  daily  during  a  period  of  a  year. 

Table  10  has  been  compiled  from  the  data  in  Tables  7,  8,  and  9,  in 
order  to  show  the  amount  of  moisture  extracted  from  the  average 
long-wall  and  room-and-pillar  mine  by  the  ventilating  currents, 
when  the  quantity  of  air  per  minute  is  100,000  cubic  feet.  For  any 
other  volume  of  ventilation,  the  figures  in  Table  10  will  vary  directly. 

Tablb  7. — Temperature  of  theotUside  air  at  the  LaSalle  weather-bureau  station^  hymonths^ 

from  February f  1912,  to  May,  1913. 


Month. 

2 
a.m. 

4 

a.m. 

6 
a.m. 

8 
a.m. 

10 
s.m. 

Noon. 

2 

p.m. 

4 
p.m. 

6 
p.m. 

8 
p.m. 

10 
p.m. 

Night. 

Aver- 
age. 

1912. 
^bnttrr. 

18.9 
24.1 
45.1 
57.6 
50.9 
«7.6 
64.1 
60.6 
46.9 
3&4 
31.2 

26.7 
20.8 
31.0 
44.7 
54.3 

17.7 
23.2 
43.7 
55.7 
5S.2 
65.7 
63.1 
59.2 
45.9 
37.2 
30.1 

25.2 
19.4 
30.2 
42.9 
53.0 

16.8 
22.7 
43.3 
56.0 
59.2 
66.3 
63.0 
68.3 
45.0 
35.9 
2a8 

24.9 
18.4 
29.1 
42.2 
53.2 

16.9 
23.9 
47.3 
61.7 
66.4 
72.0 
68.5 
63.7 
49.1 
86.7 
28.4 

24.7 
18.6 
29.5 
46.7 

58.8 

19.1 
28.2 
62.7 
66.2 
72.4 
77.9 
74.3 
70.6 
57.6 
42.4 
81.4 

27.4 
22.9 
33.4 
63.1 
63.4 

22.6 
81.3 
56.3 
69.0 
76.0 
81.3 
77.1 
73.6 
62.0 
46.1 
35.1 

30.4 
26.8 
36.2 
50.7 
60. 0 

24.5 
33.4 
58.6 
72.6 
77.9 
83.6 
78.6 
74.4 
64.0 
48.6 
37.8 

81.7 
29.1 
38.5 
69.2 
68.0 

24.8 
33.6 
58.3 
72.3 
77.2 
83.2 
78.7 
73.4 
62.9 
48.1 
36.9 

81.3 
29.2 
38.8 
69.9 
68.3 

22.9 
81.8 
66.3 
70.3 
74.0 
80.0 
76.3 
60.6 
67.6 
44.8 
34.6 

29.6 
26.7 
37.2 
67.9 
65.4 

21.3 
29.6 
51.6 
65.7 
68.9 
75.4 
71.4 
65.5 
53.9 
42.3 
33.5 

27.8 
24.6 
35.4 
53.0 
60.6 

2a5 
28.0 
48.5 
62.4 
65.1 
71.5 
68.6 
62.8 
50.8 
41.1 
32.4 

26.6 
23.3 
34.6 
49.2 
57.9 

19.2 
26.2 
47.0 
60.1 
62.3 
69.3 
66.1 
60.6 
48.7 
39.8 
31.2 

25.5 
22.4 
33.6 
46.9 
56.3 

20.4 

March... 

28. 0 

Anrfl 

50.7 

i*ay.: 

64.1 

June 

68.1 

July 

74.6 

.\iigast 

70.8 

September 

OrtotMT 

6G.0 
63.7 

Kovembrr 

41.8 

32.6 

1913. 

27.6 

Frhnianr 

23.5 

March..' 

34  0 

Anril 

61.0 

\Sf:..\v:::.. ::.... 

60.4 

^3  '  " ' 

Averages  for 
16  months.. 

Number  of  de- 
xrpes  below 
El^    tern- 

43.3 
11.8 

41.9 
13.1 

41.4 
13.5 

44.6 
10.4 

49.6 
5.4 

52.9 
2.1 

65.0 
High. 

64.8 
.2 

52.2 
2.8 

48.8 
6.2 

46.5 
8.6 

44.7 
10.3 

48.0 
7.0 

38 
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'Relative  humidity  of  the  outside  air  at  the  LaSalle  weather-bureau  9iation,  by 
months,  from  February ,  1912 ,  to  May,  19 IS. 


Month. 

2 
a.m. 

4 
a.m. 

6 
a.m. 

8 
a.m. 

10 
a.m. 

Noon. 

2 
Pwm. 

4 

p-in. 

6 
p.m. 

8 
p.m. 

10 
p.m. 

Night 

Aver- 
age 

1912. 
February 

83.4 
M.0 
76.6 
81.4 
81.0 
85.6 
86.1 
85.6 
83.3 
75.1 
74.5 

83.7 
80.2 
80.8 
75.0 
78.9 

84,3 

85.0 
79.5 
84.0 
84.5 
87.9 
86.7 
87.2 
85.2 
77.2 
76.4 

84.4 
80.5 
80.1 
77.6 
80.6 

86.0 
85.7 
80.7 
84.1 
82.0 
87.3 
87.0 
87.9 
85.5 
79.2 
78.2 

84.6 
81.0 
81.8 
78.4 
80.0 

84.1 
83.4 
74.4 
72.7 
68.6 
77.3 
78.9 
78.5 
81.6 
78.7 
78.2 

85.3 
80.9 
80.9 
71.6 
68.5 

78.8 
74.3 
63.6 
64.0 
55.4 
frl.6 
65.5 
63.1 
66.5 
60.1 
72.6 

80.7 
73.2 
74.4 
58.4 
61.1 

71.7 
68.9 
57.6 
58.0 
48.1 
57.6 
58.8 
54.7 
56.2 
60.6 
66.9 

74.7 
67.9 
70.2 
50.4 
5S.0 

68.0 
65.9 
54.2 
52.2 
44.2 
53.2 
56.6 
53.3 
51.7 
55.7 
63.1 

73.0 
65.8 
67.4 
45.6 
56.5 

60.0 
66.3 
54.2 
51.6 
45.8 
52.1 
56.0 
53.7 
53.5 
56.1 
64.3 

73.9 
67.1 
68.7 
44.3 
54.0 

74.9 
72.2 
56.7 
56.4 
51.6 
56.5 
61.2 
61.6 
63.1 
63.2 
68.4 

77.5 
73.0 
71.5 
48.7 
57.5 

79.3 
78.5 
65.8 
64.4 
60.2 
66.7 
72.4 
73.2 
T2.5 
6S.2 
70.0 

80.8 
77.5 
75.9 
56.7 
67.8 

80.1 
81.3 
71.8 
74.1 
70.2 
77.9 
79.9 
79.8 
77.8 
71.0 
71.7 

82.5 
80.2 
76.2 
65.7 
73,8 

82.5 
83.1 
74.3 
77.8 
76.0 
83.0 
84.1 
83.9 
80.6 
73.1 
74.1 

83.4 
80.7 
77.6 
70.7 
76.5 

78.5 

March 

77.4 

April 

67.5 

May 

68.4 

,    ' 

June 

64.0 

July 

70.8 

AufEUSt 

74.4 

Seotember 

71.9 

October 

71.6 

November 

68.9 

December 

71.5 

1913. 
January 

80.4 

February 

75.7 

MEirch 

75.5 

April 

61.9 

May 

67.8 

Average 

81.0 

82.6 

83.1 

77.7 

67.8 

61.3 

57.9 

58.2 

63.4 

70.6 

75.9 

78.8 

71.6 

Tablb  9. — Temperature  and  relative  humidity  of  the  return  mine  cir  at  varvms  mines 

during  period  of  tests. 


System  of  mining. 

Number 
of  weeks  of 

daily 
readings. 

Data  on  return  air. 

Name  of  mine. 

Tempefa- 

ture. 

Relative 
humidity. 

Waterper 
100,000 

oubio  feet 
of  air. 

Oelesby 

Loog-wall 

88 
52 
52 

74.08 
76.63 
74.32 

Percent. 
96.65 

OaOotu, 

LaSaUe 

.      92.02 
88.36 

Aaaimption 

do 

Average  for  long-wall  mines. . 

75.01 

5&56 

68.07 
60.66 
68.01 
63.93 

94.01 

15.098 

Room-and-pUlar . . 
do 

54 
52 
46 
51 
52 

MuTDhysboro 

99.97 
95.10 
97.15 
94.81 
94.19 

Sheirard 

Harrisburg 

do 

Glen  Carbon 

do 

CoUiDsville 

ilo 

Average  for  room-and-pOlar 
mines. 

63.85 

06.24  .            10.77?- 
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Ta^bus  10,— AnunaU  of  moisture  exiraeUdfrom  average  Umg-^wall  and  room-and-pillar 

mine  by  ventUating  currents  dwring  the  tests. 


FebniaxT. 
llairh.... 

r.-;::: 

Jane 

Jniy 

Angusl 
Sepicm 
October 
November, 


Bftta  OQ  the  outside  stmoo- 
pbfln,  LaSftUe  wwther-bu- 
mo  station. 


19t3w 
Isnnaiy. 
Febnutfy 
Mueh... 


Tempcr- 

Rebtlve 

atnze. 

humidity. 

•  F. 

Perceni. 

20i4 

7&5 

2&0 

77. 4 

m.1 

67.5 

64.1 

6&4 

«&1 

64.0 

74.6 

7D.8 

ms 

74.4 

00.0 

71.9 

SS.7 

71.5 

41.8 

6&9 

32.6 

71.6 

27.6 

80.4 

23.5 

75.7 

S4.0 

75.5 

61.0 

61.0 

60.4 

67.8 

Wstor 

per 
100.000 
cubio 
feet  of 

air. 


1.601 
2.360 
4.829 
7.720 
&234 
11.225 
ia448 
8.639 
6.n7 
8.589 
2.646 


2.806 
1.881 
2.946 
4.474 
6.776 


Water  extraoted  by  TentUating  eurrents. 


Avenge  long-nraU  mine,  a 


Per 
100.000 
oubie 
ieetof 

air. 


GdttmM. 
18.407 
1Z748 

ia2oo 

7.378 
&864 
8.873 
4.650 
6.459 
9.381 
11.509 
12L452 


12.700 
13.217 
12.152 
10.634 
8.328 


Per  day 

at  100,000 

cubio 

feet  of 

air  per 

minute. 


19,306 

18,357 

14,787 

10,624 

9,881 

5,577 

6,696 

9,301 

13,500 

16,573 

17,931 


18,288 
19,032 
17,499 
15,289 
11,984 


Per 

montli 

at  same 

daily 

xate. 


540,568 
560,067 
443,610 
329,844 
296,520 
172,887 
207,576 
279,030 
418,779 
497,190 
555,861 


566,928 
532,896 
542,469 
458,970 
371,504 


Avenge  room-and-pillar  mlne.fr 


Per 
100.000 
oubie 
feet  of 

air. 


QiOUmt. 
9.062 
a423 
5.944 
8.053 
2.539 
e.452 
e.325 
2.134 
6.056 
7.184 
&127 


8.375 
&8e2 
7.827 
0. 299 
8.997 


Per  day 

at  100,000 

cubic 

feet  of 

air  per 

minute. 


CfaUoru. 

13,078 

12,129 

8,559 

4,396 

3,656 

e651 

0  468 

3,073 

7,281 

10,345 

11,703 


12,060 

12,804 

11,271 

9,071 

5,756 


Per 

month 

at  same 

daily 

rate. 


866,184 
375.999 
286,770 
136,276 
109,680 
e  20. 181 
e  14,506 
92,190 
225,711 
310,350 
362,798 


373,800 
358,512 
349>,401 
272.130 
178,436 


•  4,877,800  8»Iloiis  per  annum.         h  2,604,140  gallons  per  annum.         «  Deposited  in  the  mine. 
EFFECTT  OF   HUMIDITY  CHANGES   ON  RIB-DI7ST   SAMPLES. 

In  a  prdiminaiy  report  of  the  cooperative  investigations  *  the  fol- 
lowing statement  was  made  on  the  collection  of  rib-dust  samples: 

Rib-dust  eamples  have  been  taken  at  three  points  in  each  mine  visited — ^namely, 
<Mi  die  main  haulage  road,  on  the  subsidiary  haulage  roads,  and  inside  the  last  cross- 
cut near  the  &ce  of  an  entry  or  a  room.  These  samples  were  taken  according  to  the 
following  uniform  method: 

A  chalk  line  was  drawn  from  the  mine  roof  to  the  floor.  On  one  side  of  this  line  an 
srea  of  rib  was  cleaned  with  a  1-inch  varnish  brush  from  the  top  to  the  bottom  of  the 
coal  seam.  This  area  was  made  of  sufficient  width  for  the  dust  to  fill  a  40-gram  glass 
bottle.  The  material  was  collected  on  a  sheet  of  celluloid  or  a  piece  of  clean  paper 
and  tranaferred  to  the  bottle,  which  was  then  sealed  with  a  rubber  cork.  The  height 
uid  width  of  the  area  of  rib  brushed  was  measured.  Note  was  also  made  of  the  tem- 
peiature,  the  relative  humidity,  and  the  distance  that  the  air  had  traveled  from  the 
intake  to  the  point  of  sampling. 

In  Table  11  following,  figures  are  given  showing  the  effect  of  the 
humidity  and  temperature  changes  on  the  rib  dusts  collected  in  100 
minee  during  the  year  1912. 

EnmDITT    CHAJT0BS    BBTWSSN    INTAA;     AND    TJNDEB0BOT7NI> 

STATIONS. 

Records  of  humidity  changes  between  intake  and  underground 
stations  are  presented  in  Table  11  following: 


•  Prellmlnaiy  report  on  organization  and  method  of  investigations:  Illinois  Oool-Minlng  Inveetigatlong, 
CoopeiBtlTe  AgTBement.    1913,  p.  44. 
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GENERALIZATIONS. 

•The  records  presented  in  Table  11  warrant  the  following  general- 
izations: 

1.  The  evaporation  of  water  proceeds  rapidly  when  conditions  are 
favorable.  In  Mine  No.  97,  in  900  feet  the  amount  of  water  evapo- 
rated per  100,000  cubic  feet  of  air  was  5.066  gallons,  or  5.63  gallons 
per  1,000  feet  of  entry.  In  Mine  No.  31,  in  100  feet  the  amount  of 
water  evaporated  was  1.693  gallons  per  100,000  cubic  feet  of  air, 
or  16.93  gallons  per  1,000  feet  of  entry.  In  each  of  these  mines 
the  movement  of  the  air  was  sluggish  and  the  change  in  vapor  pressure 
was  very  large  for  the  difference  in  distance.  In  general,  the  lower 
the  temperature  of  the  intake  air  as  compared  with  the  temperature 
of  the  return  air,  the  greater  will  be  the  quantity  of  water  evaporated. 
In  Mine  No.  52,  where  the  intake  temperature  was  36*^  F.  below  that 
of  the  return,  7.925  gallons  of  water  was  evaporated  for  every  100,000 
cubic  feet  of  air.  In  Mine  No.  93,  7.321  gallons  was  evaporated  for 
a  temperature  difference  of  38**  F.  In  Mine  No.  55,  for  33°  F.  differ- 
ence in  temperature,  6.845  gallons  of  water  was  evaporated. 

2.  The  deposition  of  water  is  rapid  under  favorable  conditions. 
In  &fine  No.  90,  in  700  feet,  the  amount  of  water  deposited  per  100,000 
cubic  feet  of  air  was  5.07  gallons,  or  7.24  gallons  per  1,000  feet  of 
entry.  The  higher  the  temperature  and  relative  humidity  of  the 
intake  air  as  compared  with  the  return,  the  larger  will  be  the  quantity 
of  water  deposited.  In  Mine  No.  83,  6.356  gallons  of  water  was  de- 
posited for  a  temperature  difference  of  30°  F.;  in  Mine  No.  36,  6.394 
gallons  in  21°  F.;  and  in  Mine  No.  45,  6.466  gallons  in  20°  F. 

3.  The  temperature  of  the  intake  air  is  quickly  changed  to  the  tem- 
perature of  the  mine  strata.  In  Mine  No.  97,  900  feet  from  the  shaft, 
which  was  223  feet  deep,  the  temperature  was  raised  19J°  F.;  and 
in  Mine  No.  90,  700  feet  from  the  160-foot  air  shaft,  the  temperature 
was  lowered  21°  F.  An  important  agent  in  bringing  about  a  rapid 
drop  in  temperature  is  water  falling  in  the  intake  shaft.  At  Mine 
No.  90,  just  mentioned,  considerable  water  occurs  at  the  shaft. 

4.  The  dust  investigations  were  made  at  irregular  intervals  during 
1912,  but  the  greater  part  of  the  readings  (76  per  cent)  was  taken 
in  the  summer  months  when  the  temperature  of  the  intake  air  was 
higher  than  that  of  the  return  air.  The  influence  of  the  relative 
humidity  of  the  intake  air  is  indicated  by  the  fact  that  42  per  cent 
of  the  records  show  that  evaporation  was  taking  place. 

5.  In  92  per  cent  of  the  samples  taken  inside  the  last  crosscut  of 
an  entry  or  room  near  the  ** working  face"  (location  a)  the  rib  dust 
lost  more  water  on  air  drying  than  did  the  face  sample  of  coal.  In 
76  per  cent  of  the  dusts  taken  along  the  subsidiary  haulage  roads 
(location  6)  more  water  was  lost  on  air  drying  than  was  lost  by  the 
face  sample  of  coal.     In  78  per  cent  of  the  samples  collected  on  the 
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main  haulage  roads  (location  c)  the  air-drying  loss  was  greater  than 
that  of  the  face  sample  of  coal.  It  is  apparent  that,  in  this  series  of 
testS;  the  rib  dusts,  especially  those  collected  near  the  working  faces, 
showed  a  tendency  to  contain  more  mechanically  held  water  than 
did  the  face  samples  of  coal.  The  fineness  of  the  dusts,  and  the  fact 
that  most  of  the  samples  were  gathered  in  the  summer  when  conden- 
sation was  taking  place,  are  suggested  as  reasons  for  the  high  moisture 
content  of  these  dusts. 

6.  In  the  majority  of  these  tests  (59  per  cent)  the  rib  dusts  showed 
a  moisture  content  that  varied  ac<^ording  to  whether  the  ventilation 
currents  had  caused  evaporation  or  deposition  of  moisture  on  entering 
the  mine.  This  relation  was  noticed  in  Mines  Nos.  27,  38,  41,  44, 
50,  69,  78,  79,  80,  81,  82,  83,  88,  89,  90,  and  100.  The  seeming  excep- 
tions may  have  been  due  to  one  or  all  of  the  causes  mentioned  below: 

(a)  The  roadways  were  sprinkled  shortly  before  some  of  the  sam- 
ples were  taken.  Samples  Nos.  51,  b  and  c,  52,  c,  and  56  a,  b,  and  c, 
are  examples.  In  the  mines  from  which  those  samples  were  taken 
sprinkling  is  done  every  night — by  cars  at  Mine  No.  61  and  by  hose 
at  Mines  Nos.  52  and  56. 

(6)  The  time  of  year  during  which  the  samples  were  collected 
varied.  Sample  No.  37,  6,  and  sample  No.  37,  c,  were  obtained  on 
August  10,  1912,  when  the  temperature  was  temporarily  below  the 
normal  for  that  time  of  year. 

(c)  The  temperature  of  the  ventilation  air  in  some  mines  was 
lowered  below  the  mine  temperature  owing  to  the  evaporation  of  water, 
and  was  then  reheated  through  the  agency  of  the  mine  ribs,  further 
evaporation  being  thus  permitted.  In  Mine  No.  39,  at  location  6, 
0.6  mile  from  the  intake,  the  temperature  was  64°  F.;  and  at  location 
c,  1.6  miles  from  the  intake,  the  temperature  was  68°  F.  and  the 
dust  contained  7.76  per  cent  less  moisture  than  did  the  dust  at 
location  b, 

(d)  Mine  water  may  have  been  present  in  unusually  large  quantities. 
In  Mines  Nos.  91  and  97  large  quantities  of  water  are  found  at  the 
shafts  and  wherever  breaks  occur  through  to  the  surface.  Conse- 
quently these  mines  even  in  winter  are  damp  and  the  rib  dusts  show 
large  amounts  of  mechanically  held  moisture. 

7.  The  extent  to  which  the  ribs,  roof,  and  floor  of  mine  workings 
radiate  and  absorb  heat  depends  on  whether  the  temperature  of  the 
air  is  less  or  greater  than  that  of  the  mine  strata.  In  Mine  No.  93 
the  average  quantity  of  air  delivered  by  the  fan  is  125,000.  cubic 
feet  per  minute;  and  on  February  27,  1912,  when  the  humidity 
reading  was  made,  138,228  British  thermal  units  was  given  up  by 
the  walls  of  the  workings  to  each  100,000  cubic  feet  of  the  ventilation. 
This  quantity  of  heat  would  be  equivalent  to  that  obtained  by  burning 
about  11  tons  of  coal  per  24  hours. 


lONE-HUMIDITY  INVESTIGATIONS  IN  ILUNOIS. 


45 


The  absorption  of  heat  by  the  walls  of  the  mine  workings  is  shown 
to  be  very  large  in  Mine  No.  83,  where  the  heat  absorbed  per  100,000 
cubic  feet  of  air  amounted  to  as  much  as  94,957  heat  units. 

The  main  factor  governing  the  extent  of  radiation  or  absorption 
of  heat  by  the  surfaces  of  the  rooms  and  entries  is  shown  in  Table 
11  to  be  the  difference  between  the  temperature  of  the  intake  air 
and  that  of  the  mine  strata. 

METHODS  OF  MINB  HUMIDIFICATION  IN  ILLINOIS. 

In  88  mines,  carefully  selected  to  represent  the  general  conditions 
in  Slijiois,  a  study  has  been  made  of  the  methods  adopted  to  humidify 
the  coal  dust^  as  well  as  of  the  amount,  character,  and  occurrence  of 
the  mine  water. 

The  quantity  of  water  pumped  from  the  average  mine  in  Illinois  is 
not  excessive,  the  greatest  quantity  reported  being  1,000,000  gallons 
per  24  hours.  A  few  hours'  pumping  each  day  is  sufficient  to  keep 
most  mines  free  from  water.  In  two  mines  visited  the  quantity  of 
water  was  so  small  that  no  pump  was  iostalled  and  any  excess  water 
was  loaded  into  tank  cars  and  hoisted  to  the  surface. 

The  character  of  the  mine  water  as  reported  by  the  different  mine 
managers  was  acid  in  42  per  cent  of  the  mines,  and  alkaline  in  15  per 
cent,  and  in  43  per  cent  was  neutral,  being  suitable  for  boiler  use  and 
m  many  being  fit  for  drinkiag. 

In  55  per  cent  of  the  mines  the  water  occurred  principally  at  the 
shafts,  in  20  per  cent  at  the  mine  faces,  and  in  25  per  cent  at  other 
sections,  such  as  at  points  of  heavy  falls,  breaks  to  the  surface,  and 
dip  workings. 

There  was  no  means  of  artificial  humidification  and  no  attempt  to 
control  the  condition  of  the  dust  in  25  per  cent  of  the  mines.  In  most 
of  the  mines  of  this  group  the  underground  workings  were  either 
naturally  damp  because  of  nearness  to  the  surface,  or  the  dust  was 
so  mixed  with  shale  from  roof  or  floor  that  special  humidification 
was  imnecessary.  In  some  of  the  mines,  however,  the  dust  was  dry, 
very  abimdant,  and  a  source  of  danger. 

USB   OP  WATEB   GARS. 

Of  the  mines  into  which  water  was  introduced  artificially  91  per 
cent  used  water  cars.  The  frequency  of  sprinkling  by  this  means  was 
as  follows: 

Frequency  of  sprinkling  with  water  cars. 


Interval  between  sprinkling. 


Smooths 
3  months, 
1  month., 
IfneKuIor 
2 


Number 
of  mines. 


Percent. 

1.7 

1.7 

5.0 

23.3 

13.3 


Interval  between  sprinkling. 


Number 
of  mines. 


1  week 
SdajTS. 

2  days. 
Iday.. 


Per  cent. 

3£.0 
3.3 
6.7 

10.0 
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The  type  of  water  cars  varied.  The  usual  form  was  that  of  an  old 
mine  car  calked  and  covered  and  containing  two  or  three  holes 
through  which  the  water  flowed  to  the  roadways.  The  most  advanced 
type^  found  in  a  few  mines,  was  that  of  a  steel  tank  mounted  on 
wheels  and  equipped  with  sprinkling  apparatus,  being  similar  to  a 
city  street  sprinkler.  This  type  contained  apparatus  that  com- 
pressed the  air  to  give  sufficient  force  to  the  spray  to  wash  the  ribs 
and  the  roof  as  well  as  sprinkle  the  floor. 

The  capacity  of  the  cars  varied  from  250  to  700  gallons.  The 
average  cost  of  sprinkling  was  $1  per  1,000  gallons.  Tlie  objections 
to  the  use  of  water  cars  for  sprinkling  the  coal  dust  are  as  follows: 
In  winter  the  water  supplied  does  not  equal  the  amount  removed  by 
the  ventilating  currents;  the  sprinkling  is  performed  only  on  haulage 
roads,  and  not  near  the  faces  where  windy  and  blown-out  shots 
originate;  in  general  only  a  part  of  one  surface  (the  floor)  of  the 
entry  is  moistened,  whereas  the  other  three  surfaces  (the  two  ribs 
and  the  roof)  are  untouched;  sprinkling  dry  floor  dust  in  this  manner 
is  in  general  ineffective,  as  usually  the  dust  is  not  thoroughly  dam- 
pened but  some  of  it  floats  on  the  water;  ''loads  "  or  '^ empties  "  often 
have  to  be  switched  to  permit  the  passing  of  the  water  car;  the  cost 
is  high. 

The  water  car  is  valuable  in  many  mines  in  supplementing  some 
other  form  of  humidiflcation,  such  as  exhaust  steam,  water  from  fixed 
sprays  or  hose,  or  shale  dust. 

USE    OF   WATER    HOSE. 

The  use  of  water  hose  has  been  effective  in  eliminating  the  dangers 
from  blown-out  or  windy  shots  in  6  per  cent  of  the  mines  visited. 

At  one  mine  two  men  with  hose  sprinkle  every  night,  washing  the 
ribs,  roof,  and  posts  on  the  cross  entries.  In  this  way  each  entry  is 
washed  every  week. 

At  another  mine  there  is  sufficient  hose  to  reach  each  working  face, 
and  the  ribs,  roof,  face,  and  props  of  each  room  are  washed  down  at 
least  once  each  month. 

The  cost  of  sprinkling  by  hose,  exclusive  of  the  piping  installa- 
tion, was  60  cents  per  1,000  gallons;  the  total  cost  of  sprinkling  per 
ton  of  coal  was  0.5  cent  in  mines  where  the  entries  were  washed 
each  week. 

HUMIDIFICATION    BY   STEAM. 

Steam  was  used  for  humidiflcation  in  16  per  cent  of  the  mines. 
The  common  practice  was  to  admit  the  exhaust  from  the  fan  engine 
into  the  intake  shaft. 

In  one  mine  (No.  29)  steam  jets  placed  at  various  points  in  the 
air  shaft  effectively  preheated  the  intake  air  during  cold  weather. 
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In  three  mines  (Nos.  25,  59,  and  100)  the  downcast  air  passed 
over  radiators,  one  radiator  containing  695  feet  of  1-inch  pipe, 
another  1,000  feet  of  l^-inch  pipe,  and  the  third  3,000  feet  of  1-inch 
pipe.  In  the  two  radiators  first  mentioned  the  steam  was  carried 
at  about  80  pomids  pressure  and  was  exhausted  outside;  the  radiator 
last  mentioned  was  connected  with  the  exhaust  of  the  fan  engine 
and  was  guaranteed  to  preheat  50,000  cubic  feet  of  air  per  minute 
from  0^  to  35°. 

In  many  mines  advantage  was  taken  of  the  heat  radiated  from 
steam  pipes  by  conducting  the  pipes  through  the  downcast  shafts, 
thus  causing  some  preheating  of  the  intake  air. 

The  cost  of  using  exhaust  steam  was  practically  nothing,  and  the 
cost  of  live  steam  (with  coal  at  the  mine  valued  at  $1  per  ton) 
was  44  cents  per  1,000  gallons  of  water  evaporated. 

The  use  of  steam  could  be  made  more  efficient  if  the  problem  at 
each  mine  were  studied  in  the  light  of  the  information  given  on  pages 
52  to  61  of  this  report. 

ABMIXTURE   OF   FOREIGN   MATERIAL   WITH   ROAD   DUST. 

The  admixture  of  shale,  ashes,  or  other  foreign  material  with 
the  road  dust  is  a  method  of  dust  control  that  proved  effective  in  a 
number  of  mines.  In  the  Longwall  field  the  shale  falls  naturally 
and  in  sufficient  quantities  to  check  the  propagation  of  a  dust  explo- 
sion. 

USE   OF   ASHES    AS   ROAD   BALLAST. 

In  one  room-and-pillar  mine  (No.  62)  ashes  obtained  from  the 
boiler  plant  on  the  surface  were  appHed  to  the  haulage  roads  in  the 
following  manner:  When  an  entry  had  been  driven  far  enough  to 
warrant  laying  of  the  permanent  road,  the  ballasting  was  done 
entirely  with  ashes,  the  roadway  having  been  cleaned  of  all  dust 
and  du*t.  Then,  as  coal  dust  became  mixed  with  the  ashes,  addi- 
tional ashes  were  applied,  76  cubic  feet  of  ashes  covering  40  linear 
feet  of  track.  In  this  manner  150  cubic  feet  of  ashes  was  used  every 
day-  This  method  was  supplemented  by  sprinkling  the  roads  every 
night  by  water  cars,  about  2,000  gallons  of  water  being  applied 
every  24  hours.  At  this  mine  the  rib  dust  seemed  damp.  Two 
years  ago  a  bad  gas  explosion  started  and  killed ^eight  men;  but  the 
force  died  down  because  of  the  dampness  of  the  dust  and  the  admix- 
ture of  ashes.    This  method  of  diluting  the  coal  dust  is  effective. 

USE   OF   STANDING   BODIES   OF   WATER. 

Standing  bodies  of  water  on  the  floor  of  intake  air  courses  supply 
a  certain  amount  of  moisture  to  the  air.  In  one  mine  (No.  56)  a 
permaneBt  body  of  water,  with  an  averi^e  depth  of  18  inches,  covered 
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150  feet  of  the  air  course.  This  form  of  humidification  is  valuable 
merely  as  an  auxiliary  to  some  more  approved  method  and  then  only 
provided  it  does  not  obstruct  the  airway. 

USE   OF   CALCIUM   CHLORIDE. 

The  use  of  calcium  chloride  was  noted  at  one  mine  in  Saline  County. 
One  and  one-fourth  pounds  per  square  yard  of  floori  with  the  coal 
dust  1  inch  thick,  was  reported  to  have  kept  the  dust  moist  for  six 
fall  and  winter  months.  The  cost  of  the  calcium  chloride  was 
$13  per  ton  f .  o.  b.  the  mine.  The  results  were  claimed  to  have  been 
satisfactory. 

At  mines  where  the  roads  were  cleaned  frequently  it  was  noted 
that  less  sprinkling  was  required. 

BZHAXJST  FANS  COMPABBD  WITH  PBBSSUBB  FANS. 

Most  of  the  mines  of  Illinois  do  not  generate  much  methane.  In 
the  comparatively  few  mines  where  this  explosive  gas  is  found,  the 
amount  generated  in  the  ordinary  mining  operations  is  small.  There 
is  not  a  *' safety-lamp"  mine  in  the  State.  For  convenience  there- 
fore most  of  the  mines  are  ventilated  by  force  fans. 

Where  a  pressure  fan  is  in  use  and  the  hoisting  shaft  is  the  upcast 
the  following  conditions  prevail: 

EFFECT  OF  PRESSUBE  FAN  ON  BOTTOM  OF  MAIN  SHAFT. 

1.  At  the  bottom  of  the  main  shaft  there  is  throughout  the  year 
an  approximately  uniform  temperature  and  relative  humidity. 
This  uniformity  is  appreciated  by  the  cagers  because  they  are  not 
subjected  to  the  heat  of  summer  or  the  cold  of  winter— effects  of 
temperature  that  are  intensified  by  the  high  velocity  of  the  air  cur- 
rent. The  roof  also  is  not  weakened  by  either  the  seasonal  or  the 
diurnal  changes  in  temperature  and  humidity,  and  there  is  therefore 
less  likehhood  of  falls  at  places  where  a  number  of  men  are  con- 
tinuously at  work,  all  men  departing  from  and  entering  the  hoisting 
cage  together,  usually  at  least  once  each  shift. 

EFFECT  OF  PRESSUBE   FAN   ON  MAIN   HAULAGE  ROADS. 

2.  The  main  haulage  roads  are  on  the  return  of  the  air.  The 
temperature  and  relative  humidity  are  much  more  uniform  than 
in  the  intake  airways;  falls  are  therefore  less  likely  to  occur  along 
the  haulage  roads,  accidents  are  not  so  frequent,  and  delays  in 
handling  the  coal  are  reduced.  Furthermore  the  coal  dust  that  leaks 
through  or  is  spilled  from  the  cars  and  ground  by  the  wheels  on  the 
road  and  by  the  tramping  of  men  and  mules  is  not  robbed  so  com- 
pletely of  moisture  during  the  winter  as  would  be  the  case  if  these 
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roads  were  on  the  intake  of  the  air.  Also  the  air  that  leaks  through 
brattices  and  stoppings  passes  from  the  air  courses  into  the  haulage 
roads,  and  if  moisture  is  deposited  it  is  on  the  return  side  of  the  stop- 
pings, whether  the  temperature  of  the  leaking  air  is  higher  or  lower 
than  that  of  the  return,  owing  to  the  reduction  in  temperature  of  the 
air  of  higher  temperature  by  that  of  the  lower  temperature. 

USE  OF  PRESSURE  FAN  MAKES    POSSIBLE    EFFICIENT    HUMLDIFICATION. 

3.  Opportunities  are  offered  for  the  cheap  and  efficient  preheating 
and  premoistening  of  the  intake  air  with  the  aid  of  steam  and  water 
sprays,  which  wiU  cause  the  temperature  and  relative  humidity  of 
the  mine  atmosphere  to  be  uniform  throughout  the  year. 

SUMMARY  AND   SUGGESTIONS. 
DETAILS    OOVEBNING    GHOICB    OF  HUICIDIFICATION   METHODS. 

Before  a  statable  method  can  be  adopted  for  humidifying  the  air 
at  any  minC;  a  thorough  investigation  embracing  the  features  men- 
tioned below  should  be  made. 

CHARACTER  OF  FACE  SAMPLE. 

* 

A  face  sample  should  be  taken  and  analyzed.  If  the  sum  of  the 
ash  and  the  moisture  contents  is  more  than  50  per  cent,  the  possi- 
bility of  an  extended  dust  explosion  is  materially  reduced  but  not 
obviated. 

The  explosibility  indicates  the  relative  danger  of  a  given  coal  dust 
and  gives  an  index  of  the  need  of  changing  the  character  of  the  mine 
air.  The  relative  explosibility  of  100  Illinois  coals  is  being  studied 
by  the  representatives  of  the  bureau  engaged  in  the  cooperative  work 
at  Urbana,  and  a  report  is  being  prepared.  A  brief  statement  of  the 
method  of  this  investigation  is  given  in  the  preliminary  report.** 

CHARACTER  OF  RIB   AND  ROAD  DUSTS. 

The  rib  dust  is  the  fine  dust  that  lodges  lightly  on  the  roof  and  ribs 
and  is  easily  thrown  into  suspension  by  runaway  trips,  blown-out 
shots,  and  explosions.  Road  dust  is  the  dust  that  accumulates  along 
roadways  and  is  caused  by  leaky  cars,  weak  roofs,  and  soft  bottoms. 
A  proximate  analysis  and  an  explosibility  test  should  be  made  for 
these  dusts  as  outlined  for  the  face  sample. 

Another  important  consideration  is  the  quantity  and  fineness 
of  these  dusts.  Under  the  cooperative  mining  investigation  three 
samples  of  rib  dust  and  two  samples  of  road  dust  were  collected  from 
each  of  100  mines  in  Illinois;  and  the  investigation  has  shown  that 

a  PnUinlnary  report  on  organization  and  methods:  Illinois  Coal-Mining  Inyestigatlana,  pooperative 
Agreement,  1913,  pp.  43-^,  67-71. 
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in  every  case  the  quantity  of  rib  dust  finer  than  20-me8h  is  sufficiently 
large  to  propagate  an  explosion. 

The  Danville  field  is  an  example  of  a  district  where  the  mines 
contain  large  quantities  of  fine  rib  dust  and  yet  where  there  has  never 
been  an  explosion.  The  weak  shale  roof  spalls  o£P,  falls  on  the  road- 
ways, and  mixes  with  the  coal  dust;  the  comparatively  shallow  mines 
contain  a  large  amount  of  water;  and  the  result  is  that,  although  the 
face  sample  would  indicate  a  coal  with  an  inflammable  dust,  there 
have  been  no  explosions  because  the  aggregate  quantity  of  the  mois- 
ture and  ash  in  the  rib  and  road  dusts  is  very  high. 

PRESENCE    AND   SFTUATION   OF   MINE   WATER. 

The  presence  and  situation  of  the  mine  water  and  its  e£Pect  in 
increasing  the  humidity  of  the  air  should  be  carefully  ascertained  by 
means  of  psychrometric  readings.  The  places  where  the  water 
enters  the  mine  and  the  quantity  per  24  hours  are  important  con- 
siderations. If  the  watec  occurs  at  the  face  and  is  loaded  out  with 
the  coal,  it  will  assist  in  sprinkling  the  roadways  as  the  cars  go  to  the 
shaft;  it  will  also  prevent  a  large  amount  of  dust  from  being  thrown 
into  suspension  during  the  loading  of  the  coal,  and  will  thus  lessen  the 
amount  of  float  dust  and  of  rib  and  road  dusts. 

If  the  water  runs  in  ditches  down  slope  haulageways,  it  will  assist 
in  preventing  the  formation  of  dry  dust  along  these  roads.  If  the 
water  occurs  along  the  intake  air  courses,  it  will  assist  in  supplying 
the  moisture  needed  by  the  intake  air  during  the  greater  part  of  the 
year  and  will  lessen  the  amount  of  water  extracted  from  the  dust 
at  the  working  faces.  If  the  water  occurs  in  the  shafts,  it  will  be  of 
benefit  in  the  downcast  air  shaft  only. 

CLIMATIC   CONDITIONS. 

The  temperature  and  absolute  humidity  of  the  intake  air  vary 
with  the  climatic  conditions.  In  Illinois  the  climatic  conditions, 
although  comparatively  uniform  throughout  the  State,  differ  greatly 
from  those  in  the  dry  climate  of  Colorado  or  Oklahoma.  In  general, 
the  less  the  average  amount  of  moisture  in  the  outside  air  and  the 
colder  the  average  temperature,  the  greater  will  be  the  need  for 
humldification. 

SEA-LEVEL  ELEVATION  OF  THE  MINE  WORKINGS. 

In  any  particular  coal  field,  the  deeper  the  mine  the  higher  will  be 
the  temperature  of  the  return  air;  but  in  Illinois  the  deepest  mine  at 
present  is  only  1,004  feet,  and  the  deepest  coals  in  the  south  central 
part  of  the  IllinoLs  basin  are  not  over  1,500  feet.  At  these  depths 
there  iano  serious  difiSiculty  in  adequately  humidifying  coal  mines. 
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.    QUANTITY  OF  AIE  IN   GIBGULATION. 

As  the  quantity  of  water  in  a  unit  volume  of  return  air  at  any  mine 
is  neariy  constant  during  the  entire  year,  the  amount  of  moisture 
extracted  from  the  dust  will  vary  directly  with  the  quantity  of  air  in 
circulation.  Therefore  the  quantities  of  heat  and  moisture  required 
for  humidifying  the  intake  air  depend  on  the  volume  of  the  ventilating 
current. 

In  many  mines,  60  to  80  per  cent  of  the  air  delivered  by  the  fan  is 
lost  through  leaky  stoppings  and  doors;  but  this  air  absorbs  heat  and 
moisture  before  leaving  the  mine.  If,  therefore,  by  the  construction 
of  tight  masonry  or  concrete  stoppings  along  main  haulageways  and 
by  the  substitution  of  overcasts  for  doors  it  is  possible  to  reduce  the 
amount  of  air  required  to  be  delivered  by  the  fan  and  at  the  same 
time  to  maintain  sufficient  air  at  the  working  faces,  less  water  will  be 
extracted  from  the  mine  by  the  return  air  current  and  less  heat  and 
moisture  will  be  required  to  humidify  the  intake  air. 

UPCAST  OB  DOWNCAST  AT  HOISTINa  SHAFT. 

If  a  force  fan  is  used,  it  is  usually  possible  and  convenient  to  apply 
any  efficient  method  of  humidification,  such  as  the  use  of  exhaust 
steam  or  water  sprays  directly  to  the  intake  air  without  interfering 
with  the  haulage,  travel  of  men,  etc.  Furthermore,  the  humidifica- 
tion  of  the  air  may  be  started  in  the  air  shaft  as  soon  as  the  air  leaves 
the  fan. 

Wiih  an  exhaust  fan  the  problem  becomes  more  difficult.  Unless 
the  top  of  the  hoisting  shaft  is  indoeed  and  the  air  preheated  before 
entering  the  ^aft,  humidification  must  be  delayed  until  the  air  has 
begun  to  travel  through  the  mine.  Sprays  must  then  be  placed 
on  main  haulage  and  traveling  ways  and  will  cause  inconvenience. 
But  gaseous  mines  require  that  the  haulage  be  on  the  intake  roads, 
and  in  those  mines  the  fan  must  exhaust. 

When  a  mine  is  opened  in  a  district  where  the  coal  dust  is  known 
to  be  explosible,  special  arrangements  should  be  made  for  premoisten- 
ing  and  preheating  or  precooling  the  intake  air.  A  separate  air  comse 
would  be  advisable  in  order  that  the  humidification  of  the  intake  air 
may  be  perfected  without  causing  inconvenience;  for  example,  if  the 
intake  were  the  traveling  way  for  the  men,  exhaust  steam  would  be 
objectionable  because  of  the  tog  that  would  be  caused. 

PRESENCE   OF  METHANE  OR  FIRE  DAMP. 

Methane  intensifies  the  dangers  of  coal-dust  explosions.  The 
ignition  of  a  small  body  of  the  gas  may  start  a  dust  explosion;  and  in 
the  case  of  an  overcharged  shot,  methane  may  render  explosive  the 
gases  from  the  shot.  If  methane  is  present,  special  care  should  be 
taken  to  make  the  coal  dust  inert. 
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CHABACTER  OF  THE  ROOF. 

The  more  tender  the  roof,  the  greater  the  need  for  maintaining 
uniform  temperature  in  the  intake.  Both  the  seasonal  and  diurnal 
changes  in  temperature  cause  alternate  expansion  and  contraction 
of  the  roof,  which  in  turn  causes  heavy  falls. 

As  a  rule,  also,  the  weaker  the  roof,  the  more  uniform  should  be  the 
relative  humidity;  for  alternate  wetting  and  drying  of  a  roof  causes 
it  to  disintegrate  rapidly. 

TENDENCY  FOR   ICE  TO   FORM   IN   ESCAPE   WAYS. 

During  the  months  of  January  and  February,  1912,  many  mines 
were  idle  several  days  because  of  inability  to  prevent  ice  forming  in 
the  intake  shafts.  Reversal  of  the  ventilation  may  not  suffice  to 
clear  a  frozen  shaft  of  ice,  because  ice  forms  rapidly  as  water  seeps 
into  the  shaft,  whereas  the  ice  melts  slowly  because  only  the  surface 
of  the  frozen  mass  is  exposed  to  the  warm  air.  The  practice  of 
reversing  the  fan,  therefore,  may  cause  both  shafts  to  become  blocked 
with  ice  in  severe  weather.  Furthermore,  reversal  of  the  air  in  a 
mine  producing  any  fire  damp  is  dangerous. 

As  a  blocked  escape  way  may  cause  many  fatalities,  it  is  imperative 
that  the  formation  of  ice  in  a  shaft  should  be  prevented.  As  a  rule 
it  is  cheaper,  and  it  is  alwajrs  safer,  to  preheat  the  air  than  to  chop  the 
ice. 

METHOD    OF    HUMIDIFYING    MINE    AIR    WITH    STEAM. 

After  a  series  of  observations,  such  as  outlined,  has  shown  that  in 
a  certain  mining  district  humidification  is  required  to  make  the  mines 
safe  from  dust  explosions,  information  is  often  desired  on  the  use  of 
steam  for  humidifying  the  intake  air. 

In  humidifying  by  steam  the  exhaust  from  the  fan  engine  is  usually 
turned  into  the  downcast  shaft.  This  practice  is  inefficient  because 
it  will  correct  conditions  at  any  mine  for  only  one  particular  tem- 
perature of  the  outside  air.  For  example,  if  the  ventilating  current 
comprises  50,000  cubic  feet  of  air  per  minute,  with  a  return  tempera- 
ture of  60°  F.,  and  if  the  horsepower  of  the  fan  engine  is  33.4,  the 
quantity  of  heat  in  the  exhaust  from  the  fan  will  correct  the  intake 
temperature  only  when  the  outside  air  is  43°.  If  that  air  becomes 
either  colder  or  warmer,  too  little  or  too  much  heat  will  be  admitted 
by  the  steam.  In  a  mine  at  Gillespie,  on  a  cold  night  in  January, 
1912,  a  small  amount  of  exhaust  steam  that  had  been  turned  into  the 
intake  was  transformed  into  snow,  and  completely  blocked  the  foot  of 
the  air  shaft.  In  a  mine  at  West  Frankfort,  when  too  much  steam 
was  suddenly  admitted,  expansion  of  the  roof  due  to  the  high  tem- 
perature caused  heavy  falls  of  rock.  In  some  mines  the  amount  of 
steam  admitted  is  gaged  by  the  position  of  the  fog  line. 
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In  order  that  the  method  of  using  steam  may  be  efficient,  it  should 
be  based  on  the  quantity  of  steam  necessary  to  give  the  heat  units 
required  to  raise  the  temperature  of  the  intake  air  to  that  of  the 
return,  and  also  on  the  quantity  of  water  necessary  to  saturate  the 
volume  of  the  intake  air  at  the  higher  temperature;  in  order  that  the 
method  may  be  practical,  the  admission  of  the  steam  should  be  imder 
a  convenient  control. 

CALCTTULTIONS  AND  TABLES. 

The  tables  and  calculations  following  are  based  on  the  use  of  Uve 
steam;  but  exhaust  steam,  which  carries  about  85  per  cent  of  the 
heat  value  of  live  steam,  may  be  used  with  success,  provided  the 
conditions  at  any  given  mine  are  carefully  considered. 

FORMULAS  AND  THEIR  DERIVATION. 

Formula  a  will  assist  in  finding  the  quantity  of  water  in  the  form 
of  steam  necessary  to  raise  the  temperature  of  the  intake  air  to  that 
of  the  return  air.  If  the  temperature  of  the  return  air  is  60®  F.  and 
if  live  steam  is  used,  the  required  quantity  of  steam,  as  shown  by 
formula  e,  is  a  temperature  of  the  function  of  the  weight  of  the  intake 
air  and  of  the  difference  between  the  intake  and  that  of  the  return  air. 

In  developing  the  three  formulas  following,  values  have  been 
assigned  as  follows: 

l^sstempeiature  of  the  outside  air,  in  degrees  Fahrenheit, 
tsstempeiature  of  the  return  air,  in  degrees  Fahrenheit. 

T»— -^ — ,  which  will  appioxinuite  the  average  temperature  at  which  water  will 

evapocate  in  a  coal  mine. 

W=weight  in  pounds  of  100,000  cubic  feet  of  air  at  the  temperature  «, 

Aasflpecific  heat  of  air  for  constant  pressure,  or  0.2375  British  thermal  units. 

Hstotal  heat  above  32^  F.  in  1  pound  of  steam  at  3.5  pounds  pressure,  or  1,150 
British  thermal  units. 

Lalatent  heat  of  evaporation,  in  British  thermal  units,  per  gallon  of  water,  or 
9,116-58.5  (T-32). 

Papounds  of  water  in  the  form  of  steam  required  to  furnish  the  heat  units  to  raise 
the  temperature  of  the  weight  of  air  W  from  the  temperature  f^  to  the  temperature  t, 

,  .  weight  of  air  X  specific  heat  of  air  X  pressure  difference 

an    IB  equal  to  ij^^^i^  j^gj^^  ^  i  pound  of  steam  above  t  degrees 

p 
Gagallons  of  water  corresponding  to  P  or  ^-y^- 

o.oo 

Dsgallons  of  water  in  100,000  cubic  feet  of  return  air. 
IKsgallons  of  water  in  100.000  cubic  feet  of  outside  air. 

The  latent  heat  in  1  pound  of  steam  at  t  degrees  is  equal  to  H,  the  total  heat 
above  32^F.,  minus  the  sensible  heat  between  32  degrees  and  t  degrees. 

By  using  the  values  noted  above,  the  following  formulas  may  be 

derived: 

/«^    Q-  P  ,WM<-0+L(D-iy)^ 
^  '  8.35         8.35[H-(t-32)] 
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which  is  derived  as  follows : 

Number  of  B.  t.  u.  required  to  heat  the  weight  of  air  (W)—yfh{t—tf). 

Number  of  B.  t.  u.  required  to  furnish  the  latent  heat  for  the  evaporation  of  the 
additional  water  in  the  heated  air  as  compared  with  the  water  in  the  unheated 
=L(D-D^). 

Number  of  B.  t.  u.  per  pound  of  steam  at  the  temperature  (t)aH— (<— S2). 

-    W;^(g~0+L(D-D^) 
^"~  H-(<-32) 


Therefore 


or 


^    ,  P      W;^(t-O+L(D-D0 
^~8.35""     8.35[H-(<-32)] 


If  L»Oy  which  will  be  true  when  live  steam  is  used,  on  the  assninp- 

tion  that  the  heat  given  up  by  condensation  will  equal  that  absorbed 

by  evaporation 

(h^   fl_  P  _0.028,443,lW(t-O 
^  8.36         1160- (<-32)      . 

If  <  =  60*'F 

(c)    G«0.000,025,a4W(«-«0. 

QUANTITY  OF   WATER  AS   STEAM   NECESSARY  TO  RAISE   TEMPERATURE 

OP  OUTSIDE   AIR  TO   60®   P. 

With  the  aid  of  the  above  formula,  Table  12  has  been  prepared  to 
show  the  quantities  of  live  steam  necessary  to  raise  the  temperature 
of  100^000  cubic  feet  of  air  from  various  temperatures  of  the  outside 
atmosphere  to  60°  F.  From  the  figures  for  the  boiler  horsepower 
and  the  tonnage  of  coal  required  to  furnish  the  necessary  steam  the 
cost  data  can  be  prepared  for  comparison  with  other  methods  of 
humidification. 

Table  12. — Quantities  of  live  steam  required  to  raise  a  volume  of  100,000  cubic  feet  of  air 

from  various  outside  temperatures  to  60^  F, 


Water  re- 

• 

Hoat  re- 

quired in 

Temperar 
tureofthe 
intake  air. 

Wnightof 

100,000  cubic 

feet  of  air. 

quired  to 

r^  lOU^lOO 

cubic  feet  of 

intake  air  to 

60«F. 

Uie  form  of 
steam  at  3.5- 
pound  pres- 
sure to  raise 
temperature 
ot  intake  air. 

BoHer 
horse- 
power. 

Coalre- 

qolredper 

24  hours. 

•F. 

Pound*. 

B.  t.  tt. 

CMJont.  . 

Tont. 

0 

8,635.4 

123,054 

13.13 

219 

7.8 

10 

8,459.4 

100.455 

10.72 

179 

6.4 

20 

8,276.5 

78,617 

8.39 

140 

5.0 

30 

8,106.3 

67,757 

6.16 

103 

3.7 

40 

7,943.9 

37.734 

4.02 

67 

2.4 

50 

7,787.9 

18,496 

1.97 

33 

1.2 

60 

7.637.9 

Figure  4  shows  the  quantity  of  steam^  in  gallons  per  minute, 
required  to  raise  any  given  volume  of  ventilating  current  from  different 
temperatures  of  the  outside  atmosphere  to  60°  F.  The  boiler  horse- 
power and  coal  required  to  furnish  the  steam  would  be  as  follows: 
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Boiler  horsepower  and  coal  required  to  raise  temperature  of  intake  air. 
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TtGvmm  4.— Curves  showing  quantity  of  live  steam  necessary  to  raise  temperature  of  100/)00  cubic  feet 
of  intake  air  firom  various  temperatures  to  a  temperature  of  60*  F. 


QUANTITY   OF    WATER     REQUIRED     TO     SATURATE     IN     RAISING     TEM- 
PERATURE. 

The  quantity  of  moisture  in  any  volume  of  the  outside  atmosphere 
depends  on  the  temperature  and  relative  humidity  of  the  air.  A 
volume  of  100,000  cubic  feet  at  a  temperature  of  60®  F.  requires  for 
saturation  9.843  gallons,  or  approximately  10  gallons,  of  water. 
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Figure  5  shows,  for  different  temperatures  and  relative  humidities 
of  the  outside  air,  the  quantity  of  water  that  must  be  added  per  100,000 
cubic  feet  for  saturation  if  the  temperature  of  the  air  is  raised  to  60**  F. 

QUANTITY  OF  MOISTURE  IN  OUTSIDE  AIB  ACCORDINO  TO  T1;MPERATURE 

AND   RELATIVE   HUMIDITY. 

A  volume  of  intake  air,  when  heated  by  steam  to  the  temperature 
of  the  return,  will  contain  a  quantity  of  moisture  equal  to  that  in  a 
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FiouRX  5. — Quantity  of  water  neoessary  for  different  temperatures  and  relative  humidities  to  cause 

saturation  of  the  intake  air  if  the  temperature  is  raised  to  60*  F. 

similar  volume  of  the  outside  atmosphere,  plus  the  water  vapor,  enter- 
ing the  air  from  the  steam.  For  certain  temperatures  and  relative 
humidities  of  the  outside  air,  this  quantity  of  moisture  will  give  100 
per  centrelativehumidity  at  the  temperature  of  the  return;  often  addi- 
tional water  must  be  supplied.  This  additional  water  may  conven- 
iently be  added  in  the  form  of  steam,  if  steam  is  used  for  preheating 
the  air,  or  it  may  be  introduced  into  the  shaft  by  sprays.  In  many 
mines  this  additional  moisture  may  be  obtained  naturally  from  the 
water  falling  down  the  shaft. 
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Table  13,  which  follows,  shows  different  temperatures  and  relative 
humidities,  the  amount  of  water  in  the  outside  air,  the  quantity  of 
steam  required  to  raise  the  temperature  of  the  intake  to  60°  F.,  and 
the  water  that  must  be  supplied  to  produce  100  per  cent  relative 
humidity  at  60 «  F. 

Table  13. — Data  on  premouUning  100,000  cubic  feet  of  intake  air. 
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Figure  6,  based  on  the  calculations  presented  in  Table  13,  shows 
for  different  temperatures  and  relative  humidities  of  100,000  cubic 
feet  of  outside  air,  both  the  sum  of  the  water  in  the  outside  air  plus 
that  in  the  steam  required  to  heat  the  air  to  60®  F,,  and  the  addi- 
tional water  necessary  for  saturation  at  60®  F. 
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EXAMPLES  SHOWING  USB   OF  TABLES. 

The  following  examples  will  illustrate  the  use  of  Tables  12  and  13: 
1.  Assume  the  temperature  of  the  return  air  to  be  60®;  the  tem- 
perature of  the  intake  air  to  be  20®;  the  relative  humidity  of  the 
intake  air  to  be  40  per  cent;  and  the  quantity  of  air  per  minute  to  be 
100^000  cubic  feet.  The  tables  show  that  the  water  in'  the  steam 
required  to  raise  the  temperature  will  be  8.39  gallons  per  minute; 
that  the  horsepower  necessary  to  furnish  the  steam  will  be  140  horse- 


TElfPERATURB  OF  INTAKE  AIB.  DB6BSB8  FAHRENHEIT 

FfGTTKB  6.— Corves  showing  variation  in  quantity  of  water  needed  to  saturate  diflerent  100,000  cubic- 
foot  volumes  of  air  of  diffecent  rdative  humidities  and  temperatnres. 

power;  that  the  coal  necessary  to  furnish  the  steam  will  be  5.0  tons 
per  24  hours;  and  that  the  additional  water  necessary  for  saturation 
will  be  0.607  gallon.    • 

2.  Assume  the  temperature  of  the  return  air  to  be  60®;  the  tem- 
perature of  the  intake  air  to  be  10®;  the  relative  humidity  of  the  in- 
take air  to  be  85  per  cent;  and  the  quantity  of  air  per  minute  to  be 
50,000  cubic  feet.  The  tables  show  that  the  water  in  the  steam  re- 
quired to  raise  the  temperature  will  be  5.36  gallons  [^(10.72)];  that 
the  horsepower  necessary  to  furnish  the  steam  will  be  89.5  horse- 
power [^(179)];  that  the  coal  necessary  to  furnish  the  steam  will  be 
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3  J  tons  per  24  hours  [^(6.4)];  and  that  the  additional  water  necessary 
for  saturation  will  be  0. 

3.  Assume  the  temperature  of  the  return  air  to  be  60^-;  the  tem- 
perature of  the  intake  air  to  be  60^;  the  relative  humidity  of  the  in- 
take air  to  be  70  per  cent;  and  the  quantity  of  air  per  minute  to  be 
75,000  cubic  feet.  The  tables  show  that  the  water  in  the  steam 
required  to  raise  the  temperatxure  will  be  0;  that  the  horsepower 
necessary  to  furnish  the  steam  will  be  0;  that  the  coal  necessary  to 
furnish  the  steam  will  be  0;  and  that  the  additional  water  required 
for  saturation  will  be  2.215  gallons  per  minute  [}(2.953)]. 

ICBTHOB  OF  INTBODTTCIira  8TBAK  FOB  EUHIDIFICATIOH. 

The  time  may  come  when  thermostats  will  be  used  for  controlling 
the  introduction  of  steam  into  mines  to  raise  the  temperature  of  the 
intake  air.  At  present  no  automatic  mechanism  has  been  applied 
for  this  purpose. 

A  (convenient  arrangement  may  be  provided  at  any  mine  by  install- 
ing  at  the  intake  a  series  of  steam  pipes,  each  controlled  by  a  valve 
and  each  of  a  diameter  calculated  to  permit  the  outflow  of  steam  in 
quantities  per  minute  sufficient  to  raise  a  given  number  of  degrees 
the  temperature  of  the  intake  air.  The  successful  use  of  this  device 
involves  a  knowledge  of  the  volimie  of  the  ventilating  current  in 
cubic  feet  per  minute,  of  the  initial  gage  pressure  of  the  steam  in 
pounds  per  square  inch,  and  of  the  temperature  interval  at  which 
the  device  will  act. 

EXAMPLE  AND   CONVENIENT   TABLES. 

The  use  of  this  method  of  control  may  be  illustrated  by  the  follow- 
ing example:  Assume  that  the  volume  of  the  ventilating  current 
delivered  by  the  fan  is  100,000  cubic  feet  per  minute,  that  the  initial 
gage  pressure  of  the  steam  is  100.3  pounds  per  square  inch,  and  that 
it  is  desired  to  control  the  temperature  of  the  intake  air  within  a 
range  of  6^  F.  It  is  then  necessary  to  arrange  a  series  of  pipes  that 
will  control  the  outflow  of  steam  required  to  heat  the  intake  air  to 
60**  F.  from  any  temperature  of  the  outside  air.  At  the  gage  pressure 
of  100.3  pounds  per  square  inch,  the  discharge  per  square  inch  of 
orifice,  according  to  Table  14  following,  will  be  11.83  gallons  per 
minate.  The  internal  sectional  areas  of  different  sizes  of  standard 
pipes  are  given  in  Table  15  following.  From  these  tables  it  is  possible 
to  arrange  the  following  schedule  for  the  problem  under  consideration. 
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The  above  sdiedule  indicatea  that  five  pipes  will  be  required  for 
the  discharge  of  the  steam,  as  follows:  One  J-inch  pipe,  three  J-inch 
pipes,  and  one  }-inch  pipe. 

Table  14. — Ouifiow  0/ tUam inlo  almoipberr." 
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In  the  practical  use  of  the  method  of  steam  introduction  outlined 
above  a  ''top  man"  should  be  detailed  to  make  daily  two  or  three 
thermometer  readings  of  the  temperature  of  the  outside  air  and  to 
open  the  valves  of  the  steam  pipes  designated  on  the  particular 
schedule  in  effect  at  the  mine. 

The  above  outline  of  the  use  of  steam  humidification  is  based  on  the 
fact  that  in  many  mines  there  is  sufficient  moisture  to  keep  the  dust 
damp^  provided  the  ventilating  currents  are  prevented  from  removing 
the  moisture  naturally  present.  Therefore  the  suggestion  has  been 
made  that  the  temperature  of  the  intake  air  be  raised  to  that  of  the 
retimi.  If  a  condition  of  extreme  dryness  makes  it  necessary  to  have 
an  active  sprinkling  take  place  in  the  mine,  the  intake  air  can  be 
heated  slightly  above  the  temperature  of  the  return;  and  for  every 
degree  tiiat  100,000  cubic  feet  per  minute  of  intake  air  at  100  per 
cent  relative  humidity  is  heated  higher  than  the  return  approxi- 
mately 500  gallons  of  water  will  be  deposited  in  24  hours  throughout 
the  mine  on  ribs,  roof,  and  floor.  This  deposition  of  moisture  is  prob- 
ably made  throughout  the  mine  because  of  the  gradual  drop  in  the 
fan  pressure  on  the  air,  the  reduction  in  pressure  causing  a  lowering 
of  temperature  and  a  consequent  deposition  of  moisture. 

COST   OF  USING    STEAM. 

The  cost  of  using  live  steam  would  be  about  44  cents  per  1,000 
gallons  of  water  evaporated  under  the  conditions  observed,  as  com- 
pared with  60  cents  for  the  methods  calling  for  the  use  of  hose,  and  $1 
for  the  water-car  method.  Exhaust  steam  from  the  fan  and  other 
engines  would  be  used  at  most  jiunes  to  furnish  the  greater  part  of 
the  heat  and  moisture  required  properly  to  humidify  the  intake  air, 
and  live  steam  would  be  installed  and  used  to  bring  about  the  desired 
control  and  adjustment.  The  combined  use  of  exhaust  and  Uve 
steam  under  proper  control  would  present  the  most  economical, 
efficient,  and  practical  method  for  mine  humidification  under  the 
conditions  that  prevail  in  Illinois. 

In  mines  where  the  volume  of  the  ventilating  current  is  very  large 
and  the  quantity  of  steam  required  to  humidify  the  intake  air  would 
be  excessive,  advantage  may  be  taken  of  the  heat  radiated  from  the 
surfaces  of  the  entries  by  conducting  the  steam  in  pipes  a  distance  of  a 
thousand  or  more  feet  into  the  mine  before  allowing  it  to  exhaust  into 
the  intake  air.  Reference  has  already  been  made  to  the  large  quan- 
tity of  heat  that  the  ribs  will  yield  to  the  air  currents,  and  the  possi- 
bility of  practical  utilization  of  this  heat  is  apparent. 
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METHODS  OF  HUMIDIFICATION  IN  HOT  WEATHEB. 

The  above  discussion  relates  to  humidifying  mine  air  during  the 
colder  months  of  the  year.  There  are,  however,  some  mines  in  which 
the  heat  of  the  intake  air  during  the  summer  months  causes  heavy 
falls,  due  to  the  expansion  of  friable  roofs,  and  in  which  it  would  be 
desirable  to  lower  the  temperature  of  the  intake  air  when  it  is  over 
10®  higher  than  that  of  the  return  air. 

In  some  mines,  during  the  hot  weather,  cakes  of  ice  are  strewn 
along  the  intake  air  courses  to  lower  the  temperature  of  the  intake 
air.  This  method  is  expensive  and  not  as  efficient  as  the  one  described 
below. 

Table  9  indicates  that  the  average  temperature  of  the  return  air  of  a 
room-and-pillar  mine  is  63.85®  F.  Table  7  shows  that  the  average 
temperature  of  the  outside  air  during  the  night  is  at  no  time  over  10®  F, 
higher  than  that  of  the  return  air,  but  that  at  2  o'clock  in  the  after- 
noon the  average .  temperature  of  the  outside  air  exceeds  by  more 
than  10®  F.  the  mine  temperature  during  June,  July,  August,  and 
September.  During  these  four  months  the  relative  humidity  of  the 
outside  air  (Table  8)  at  4  a.  m.  is  86  per  cent,  and  at  2  p.  m.  is  52 
per  cent.  These  figures  make  it  evident  that  if  water  be  sprayed 
into  the  intake  shaft  during  summer  the  latent  heat  of  evaporation 
will  reduce  the  daytime  temperature  of  the  intake  air. 

Figure  7  shows  the  drop  in  the  temperature  of  different  volumes  of 
air  caused  by  the  evaporation  of  1  gallon  of  water. 

The  practical  method  of  appljong  evaporation  is  to  arrange  a  series 
of  spray  nozzles  of  known  capacity  at  the  top  of  the  intake  shaft.  The 
smaller  the  particles  of  water  delivered  by  the  nozzles  the  more  rapid 
will  be  the  evaporation  of  the  water.  During  the  daytime  of  clear 
days  in  hot  weather  a  sufficient  number  of  these  nozzles  should  be 
operating  to  give  the  desired  drop  in  temperature  to  the  known  vol- 
ume of  the  ventilating  current.  Care  shotdd  be  exercised  not  to 
reduce  the  intake  temperature  below  that  of  the  return,  in  order  that 
the  air  currents  may  not  rob  moisture  from  the  mine  workings. 

OENERAIj  CONCIiUSIONS. 

The  fact  that  dry  bituminous  coal  dust  will  explode  under  certain 
conditions  has  been  proved  both  by  the  experience  of  the  past  and 
by  laboratory  tests  and  is  now  generally  admitted  by  all  coal  men. 

That  coal  dust  may  be  rendered  inert  by  the  proper  application 
of  moisture  has  been  shown  both  by  laboratory  tests  and  by  the 
absence  of  explosions  at  mines  in  which  moisture  is  present  in  the 
proper  proportion  to  the  quantity  of  dust  produced. 
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The  result  of  the  investigatioii  in  Ulmois  of  the  humidity  of  mine 
air  leads  to  the  belief  that  steam  may  be  applied  to  the  intake  air 
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Ftemx  7. — Curves  showing  influence  on  temperature  of  diflwent  volumes  of  air  caused  by  evaporation 

of  1  gallon  of  water. 

in  such  a  way  as  to  oflFer  the  most  economical  and  eflBicient  method  of 
dampening  coal  dust. 
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METALLORGICAL  SMOKE. 


By  Charles  H.  Fulton. 


INTRODUCTION, 

One  of  the  first  matters  to  receive  attention  from  the  Bureau  of 
Mines  when  it  was  authorized  to  undertake  investigations  relating 
to  wastes  in  the  mineral  industries  was  the  smoke  problem  at  smelt- 
ing and  ore-roasting  plants.  This  bulletin  is  published  by  the  bureau 
primarily  for  persons  who  seek  information  on  the  subject  of  metal- 
lurgical smoke  but  are  unacquainted  with  the  technical  language  of 
metallurgy.  It  is,  of  course,  not  possible  to  free  a  technical  subject 
entirely  &om  technicalities,  but,  so  far  as  possible,  statements  are 
made  in  plain  and  simple  English. 

Metallurgical  smoke  causes  considerable  friction  between  the  metal- 
lurgical industry  and  agriculture  in  certain  parts  of  the  country. 
Owners  of  smelting  plants  are  making  every  effort  to  devise  ways 
and  means  to  do  away  with  possible  damage  and  annoyance  from 
smoke  and  are  meeting  with  success.  The  problem  is  peculiarly  diffi- 
cult in  this  country  because  of  the  large  tonnages  of  material  that 
must  be  handled.  The  solution  of  the  problem  is  not  yet  at  hand  and 
much  work  still  remains  to  be  done.  As  the  mineral  industry  is  one 
of  the  great  basic  industries  of  the  country  and  of  necessity  is  entitled 
to  full  consideration,  it  should  be  accorded  freedom  to  work  out 
the  smoke  problem  to  the  benefit  of  all  concerned.  The  effort  is  made 
in  this  paper  to  present  the  problem  of  metallurgical  smoke  as  it 
actually  exists,  without  bias  of  any  kind. 

The  writer  takes  this  opportunity  to  express  his  indebtedness  to 
the  sources  of  information  on  which  he  drew,  many  of  which  are 
enumerated  in  the  selected  bibliography  at  the  end  of  this  paper. 
In  connection  with  the  author's  use  of  the  present  tense  in  describing 
plants  and  methods,  the  reader  should  note  that  none  of  the  references 
in  that  bibliography  is  of  later  date  than  1913.  Much  information 
was  obtained  by  personal  visits  and  by  correspondence,  and  thanks 
are  hereby  tendered  to  all  persons  who  kindly  furnished  data.  The 
writer  desires  to  thank  particularly  F.  G.  Cottrell,  chief  chemist  of 
the  Bureau  of  Mines,  for  criticism  and  comment. 
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8  METALLURGICAL  SMOKE. 

GENERAL   ASPECTS   OF   THE   SMOKE   PROBLEM. 

DISTIIiI/ATION  AND  SUBLIMATION. 

Distillation  is  a  metallurgical  process  whereby  a  metal  is  converted 
into  its  vapor  and  then  "  condensed  "  if  it  collects  in  the  liquid  state, 
or  "  sublimed  "  if  it  passes  directly  from  the  vapor  into  the  solid  state 
without  going  through  the  intervening  liquid  condition.  In  the  gen- 
eral sense  "distillation"  embodies  both  the  vaporization  from  the 
liquid  state  and  subsequent  condensation  of  the  metal  again  to  liquid, 
whereas  "sublimation"  embodies  the  vaporization  from  the  solid 
state  and  the  subsequent  sublimation  to  the  solid  state  again,  the 
liquid  state  not  being  passed  through.  Examples  of  distillation  in 
metallurgy  are  the  recovery  of  mercury  from  the  ore,  usually  cinna- 
bar (HgS),  by  heating  in  retorts  or  furnaces  with  free  access  of  air, 
distilling  the  mercury  as  vapor,  and  cooling  the  vapor  so  that  the 
metal  is  caught  as  liquid  mercury  in  suitable  receivers.  Zinc  is  also 
obtained  by  distillation. 

In  some  smelting  operations  one  of  the  products  is  "  fume."  Thus, 
in  lead  smelting  in  the  blast  furnace,  a  part  of  the  lead,  3  to  10  per 
cent,  is  volatilized  in  the  furnace  in  the  form  of  lead  oxide  and  lead 
sulphide,  with  compounds  of  arsenic  and  antimony.  These  vaporized 
compounds  of  the  metals  pass  with  the  furnace  gases  through  the 
flues  and  dust  chambers  and  thence  out  through  the  stack.  When  the 
temperature  is  low  enough  they  sublime  in  the  flues  and  chambers 
into  finely  divided  solid  material  called  "  fume."  This  fume,  how- 
ever, is  in  many  cases  so  exceedingly  fine  that  it  does  not  completely 
settle  in  the  flues  and  chambers,  but  unless  removed  by  filtering  or  in 
some  other  way  it  is  carried  out  of  the  stack  with  the  gases. 

For  these  reasons  the  following  usage  has  been  adopted  in  this 
bulletin : 

"Distillation"  involves  (1)  the  vaporization  of  the  substance,  and 
(2)  the  "  condensation  "  of  this  vapor  into  a  liquid.  "  Sublimation  " 
embodies  (1)  the  vaporization  of  a  substance,  and  (2)  the  "sub- 
liming "  of  the  vapor  into  fine  solid  particles  without  the  intervening 
liquid  stage  being  passed  through.  The  word  "  condense  "  when  used 
in  this  connection  is  therefore  associated  with  the  liquid  state,  whereas 
the  word  "sublime"  is  associated  with  the  solid  state.  Thus  when 
it  is  stated  that  the  fume  is  condensed  and  sublimed  it  means  that 
there  are  produced  from  the  vapor  state  both  minute  liquid  particles 
and  minute  solid  particles. 

COMPOSITION  OF  SMOKE. 

In  this  bulletin  the  term  "  metallurgical  smoke  "  is  applied  to  the 
gases  and  vapors,  and  the  fine  dust  entrained  by  them,  that  issue  from 
the  throat  of  furnaces,  such  as  blast  furnaces,  reverberatory  smelting 
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fumaoes,  or  roasting  furnaces.  At  some  plants  the  amount  of  metal- 
lurgical smoke  is  very  great,  exceeding  in  weight  that  of  the  solid 
material  charged  into  the  furnaces.  Thus,  in  pyritic  smelting,  1  ton 
of  furnace  charge  requires  approximately  1.2  tons  of  air  to  smelt  it 
and  gives  rise  to  1.4  tons  of  metallurgical  smoke  or  furnace  gases. 
Also,  the  volume  of  this  smoke  in  the  highly  heated  condition 
(400°  C.)  in  which  it  is  discharged  from  the  furnace  is  very  large. 
In  the  instance  cited  it  is  about  71,620  cubic  feet  per  ton  of  charge. 
As  an  example  of  the  tremendous  amount  of  metallurgical  smoke  pro- 
duced by  a  large  smelting  plant,  data  regarding  the  Washoe  smelter 
at  Anaconda,  Mont.,  are  given.  That  plant,  which  produces  about 
300  tons  of  copper  a  day,  has  a  stack  30  feet  in  internal  diameter  at 
the  top,  which  discharges  1,341,000,000  cubic  feet  of  smoke  per  24 
hours,  as  measured  at  standard  pressure  and  temperature.  The  smoke 
contains  about  1.734  per  cent  by  volume  of  sulphur-dioxide  gas,  or 
23,252,940  cubic  feet  per  24  hours,  which  is  equivalent  to  2,092.7 
tons,  and,  if  converted  into  sulphuric  acid,  would  yield  3,427  tons  of 
acid,  with  a  specific  gravity  of  66°  B.,  or  about  one-third  of  the  total 
production  in  the  United  States. 

The  volume  of  smoke  discharged  from  the  top  of  a  stack  is,  of 
course,  decidedly  larger  than  that  discharged  at  the  throat  of  the 
furnaces  of  the  plant,  for  in  its  passage  through  the  dust  chambers 
and  flue  system  the  smoke  mixes  with  air  that  filters  in  accidentially 
or  is  purposely  admitted. 

GASES  IN  SMELTER  SMOKE. 

Metallurgical  smoke  consists  of  three  distinct  substances — the 
gases,  the  flue  dust,  and  the  fume.  Of  these  three  constituents  the 
gases  make  up  the  great  bulk.  They  come  from  the  air  used  in  the 
furnace  to  burn  the  fuel  and  also  from  chemical  reactions  between  the 
oxygen  of  the  air  and  certain  constituents  of  the  charge.  The  most 
abundant  gas  is  nitrogen,  derived  from  atmospheric  nitrogen,  which 
passes  through  the  furnaces  unaltered.  It  constitutes  usually  from 
60  to  87  per  cent  of  the  bulk  of  metallurgical  smoke.  The  gas  rank- 
ing next  in  importance  is  carbon  dioxide,  which  is  produced  by  the 
combustion  of  carbon.  The  proportion  of  this  gas  ranges  usually 
from  about  3  to  5  per  cent  in  pyritic  smelting  to  about  15  to  20  per 
cent  in  lead  blast-furnace  smelting,  being  between  these  figures  for 
other  types  of  blast-furnace  and  reverberatory- furnace  smelting. 
Gases  from  furnaces  for  roasting  sulphide  copper  ores  usually  contain 
only  insignificant  amounts  of  carbon  dioxide,  but  those  from  f uniaces 
roasting  lead  ores  and  gold  and  silver  ores  in  which  carbonaceous 
fuel  is  burnt  contain  appreciable  amounts  of  it.  Carbon  monoxide, 
a  very  poisonous  gas,  is  not  present  to  any  degree  in  metallurgical 
smoke  arising  from  the  treatment  of  lead,  copper,  gold,  and  silver 
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ores,  the  only  exception  being  the  gases  from  lead  blast-furnace 
smelting,  in  which,  on  account  of  the  considerable  amount  of  fuel 
used,  5  to  10  per  cent  of  carbon  monoxide  is  f  oimd.  Otherwise,  the 
content  of  carbon  monoxide  rarely  exceeds  1  per  cent  and  sometimes 
is  much  less,  none  at  all  being  present  in  gases  from  pyritic  smelting 
and  from  certain  roasting  furnaces. 

SULPHUB  DIOXIDE. 

The  gases  so  far  discussed  are  the  constituents  of  smelter  smoke 
that  came  no  complaint  and  are  the  same  as  those  that  issue /rom  the 
ordinary  boiler  stack.  Sulphur  dioxide  is  the  constituent  that  largely 
gives  smelter  smoke  its  annoying  properties,  and  requires  special 
attention  in  order  to  be  rendered  innocuous. 

In  both  roasting  and  smelting  furnaces  the  sulphur  dioxide  is 
from  the  combustion  of  the  sulphur  in  the  sulphide  minerals  of  the 
ore  charge.  The  proportion  of  the  gas  in  metallurgical  smoke  varies 
widely.  The  maximum  amount  of  sulphur  dioxide  is  found  in  the 
gases  from  pyritic  smelting,  where  it  constitutes  4^  to  9  per  cent  by 
volume  of  the  smoke  issuing  from  the  furnace  throat.  In  partial 
pyritic  copper  smelting  the  gases  contain  2  to  3^  per  cent  of  sulphur 
dioxide.  The  gases  from  the  roasting  of  sulphide  copper  ores  contain 
about  2  to  2.75  per  cent,  and  may  contain  more.  Gases  from  rever- 
beratory  smelting  furnaces  contain  usually  less  than  0.5  per  cent  of 
sulphur  dioxide,  except  in  the  early  stages  of  smelting,  during  charg- 
ing. Gases  from  lead-smelting  furnaces  and  from  the  roasting  of 
ores,  not  mentioned  above,  contain  smaller  proportions,  usually  less 
than  1^  per  cent.  These  figures  refer  to  the  gases  as  discharged  from 
the  furnaces.  Before  the  gases  pass  off  into  the  atmosphere  from  the 
stack,  they  are  usually  considerably  diluted.  Formerly  metallurgical 
smoke  containing  1.5  per  cent  and  more  of  sulphur  dioxide  was 
frequently  discharged  from  stacks  at  some  plants,  but  at  present,  in 
consequence  of  a  number  of  court  decisions,  this  proportion  is  re- 
duced by  dilution  before  the  smoke  reaches  the  stack.  Some  recent 
court  decisions  have  fixed  the  amount  of  sulphur  dioxide  that  may  be 
discharged  from  stacks  in  certain  districts  at  not  more  than  0.75 
per  cent. 

BUI^PHUB  TRIOXIDB. 

Another  gas  found  in  metallurgical  smoke,  as  it  issues  at  high  tem- 
perature from  the  furnaces,  is  sulphur  trioxide  or  sulphuric  anhydride. 
This  substance,  when  combined  with  water,  molecule  for  molecule, 
forms  common  sulphuric  acid.  It  is  formed  in  furnace  operations 
by  the  oxidation  of  sulphide  minerals,  although  in  comparatively 
small  amounts  under  most  conditions,  and  if  the  temperature  be  high 
enough,  the  gas  is  found  in  the  discharged  gases,  uncombined  with 
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water  or  with  metallic  bases,  as  sulphur  trioxide.  As  the  gases  cool 
it  combines  with  water,  present  in  the  metallurgical  smoke  as  steam, 
to  form  sulphuric  acid  which,  when  the  temperature  becomes  low 
enough,  finally  condenses.  In  this  way  sulphur  trioxide  in  smelter 
smoke  becomes  an  exceedingly  harmful  substance,  one  that  may  do  a 
great  deal  of  damage.  Fortunately,  however,  it  is  present  only  in 
small  proportions  and,  unlike  the  true  gases,  can  be,  and  in  most  in- 
stances is,  removed  from  the  smoke  before  it  is  discharged  into  the 
atmosphere.  Usually  gases  from  blast-furnace  smelting  of  copper 
and  lead  ores  contain  insignificant  amounts  of  sulphur  trioxide,  but 
gases  from  roasting  furnaces  may  contain  appreciable  proportions. 
Thus,  for  instance,  gases  from  the  roasting  of  sulphide  copper  ores 
may  contain  0.26  to  0.75  per  cent  of  sulphur  trioxide.  Aside  from 
the  gases  mentioned,  metallurgical  smoke  contains  considerable  water 
in  the  form  of  steam  and  occasionally  small  quantities  of  hydro- 
carbons and  other  gases. 

FLTTE  DUST  IN  SMELTER  SMOKE. 

The  flue  dust  that  is  carried  by  the  gases  as  they  issue  from  the 
furnaces  consists  of  small  particles  of  the  different  ores,  fluxes,  or  fuel. 
The  gases,  on  account  of  their  high  velocity,  entrain  these  fine  solid 
particles,  and  when  the  velocity  is  reduced  in  the  dust  chambers  the 
particles  settle.  The  amount  of  flue  dust  made  in  different  smelting 
operations  varies  greatly,  depending  on  such  factors  as  design  of 
furnace,  fineness  or  coarseness  of  the  ore  charge,  blast  pressure  or 
draft  employed,  and  working  condition  of  the  furnace.  Estimated 
on  the  basis  of  the  tonnage  of  charge  that  is  smelted,  it  may  range 
from  a  fraction  of  1  per  cent  up  to  10  per  cent  of  the  weight  of  the 
furnace  charge.  Thus,  in  copper  blast-furnace  smelting  at  the  Cop- 
per Queen  mine  in  Arizona,  1  ton  of  flue  dust  was  produced  for  every 
17  tons  of  charge,  or  5.55  per  cent.  In  some  instances,  it  is  con- 
venient to  express  the  amount  of  flue  dust  in  metallurgical  smoke  in 
the  manner  that  iron  metallurgists  state  the  content  of  dust  in  blast 
furnace  gas,  that  is,  in  grains  (weight)  per  cubic  foot  of  gas.  This 
manner  of  expressing  the  dust  content  of  the  smoke  stream  is  partic- 
ularly applicable  after  the  settling  of  the  coarser  particles. 

Generally  speaking,  the  composition  of  the  flue  dust  is  similar  to 
that  of  the  ore  charge  of  the  furnace.  However,  it  may  be  modified 
by  some  constituents  of  the  charge  being  finer  than  others  and  thus 
producing  more  dust.  Flue  dust  is  usually  considered  a  troublesome 
product,  for  its  treatment  is  rather  difficult  and  expensive,  although  a 
number  of  successful  methods  have  been  devised.  Flue  dust  varies  in 
size  from  0.25-inch  to  0.125-inch  particles  of  the  lighter  material  down 
to  an  extremely  fine  dust  resembling  impalpable  powder.    No  matter 
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what  its  size,  however,  true  flue  dust  is  to  be  considered  as  composed 
of  original  particles  of  the  ore  charge,  eitlier  unaltered  or  chemically 
changed.  Its  precise  composition  is  discussed  in  some  detail  on 
pages  27  and  28. 

FUME  IN  SMBLTER  SMOKE. 

ff 

Related  to  the  flue  dust  and  in  part  recovered  with  it  is  the  fume. 
Sometimes  no  distinction  is  made  between  fume  and  flue  dust,  for  in 
copper  smelting  the  amount  of  true  fume  is  relatively  small  although 
certain  plants  treating  arsenical  ores  make  considerable  fume.  In 
lead  smelting,  however,  considerable  amounts  of  fume  are  produced. 
The  fume  consists  of  the  volatile  constituents  of  the  ore  charge  which 
pass  off  in  the  form  of  vapor  with  the  gases  from  the  furnaces  and 
then  sublime  into  minute  solid  particles  in  the  cooler  part  of 
the  flues.  In  examining  the  dust  chambers  and  the  flue  system  of 
a  smelting  plant,  it  will  be  noted  that  a  fine  gray-white  impalpable 
powder  is  deposited  on  the  walls,  roof,  and  floor  of  the  flues  near 
the  stack  end  of  the  flue  system,  the  amount  being  greatest  near 
the  stack  and  diminishing  as  the  furnace  is  approached.  In  cer- 
tain sections  of  the  flues  and  chambers  this  fume  is  mixed  with  the 
fine  flue  dust. 

On  chemical  examination,  the  fume  is  found  to  consist  largely  of 
lead  compounds — such  as  the  sulphate,  sulphide,  and  oxide — ^arseni- 
ous  oxide,  antimony  oxide,  zinc  oxide  and  zinc  sulphate,  elemental 
sulphur,  and  small  amounts  of  the  oxides  of  tellurium  and  selenium. 
In  general,  all  the  volatile  constituents  of  the  ore  charge  are  repre- 
sented. The  fume  frequently  contains  appreciable  amounts  of  silver, 
which  is  markedly  volatile  under  certain  conditions.  The  particles 
of  fume  are  very  fine  and  are  under  the  stress  of  certain  physical 
forces,  so  they  do  not  settle  easily,  as  most  of  the  flue  dust  does,  but 
in  large  proportion  pass  through  the  stack  with  the  gases  and  spread 
over  the  surrounding  country,  unless  special  preventive  methods  are 
applied,  as  is  now  generally  done. 

When  zinc  minerals  are  present  in  the  furnace  charge,  sulphur 
trioxide  is  rendered  harmless  in  so  far  as  the  formation  of  sulphuric 
acid  is  concerned,  as  sulphur  trioxide  unites  with  zinc  oxide  to  form 
sulphate  of  zinc,  which  is  deposited  with  the  fume.  Lead  minerals 
act  similarly  to  zinc  minerals,  when  the  action  in  the  furnace  is 
oxidizing.  The  most  harmful  constituents  of  true  fume,  if  allowed 
to  escape  from  the  stack,  are  sulphuric  acid,  lead  compounds,  and 
arsenious  oxide.  These  substances  settle  on  the  surrounding  country 
and  under  certain  atmospheric  conditions  of  moisture  and  wind  may 
sufficiently  concentrate  to  damage  vegetation  and  injure  animal  life. 

Most  of  the  more  modern  metallurgical  plants  make  ample  provi- 
sion for  the  recovery  of  fume  from  furnace  smoke.    Stacks  from  metal- 
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Inrgical  works  sometimes  emit  white  or  grayish-white  smoke  of  vary- 
ing degrees  of  density,  from  smoke  that  is  barely  visible  to  very  dense 
smoke.  In  general  one  may  state  that  it  is  the  fume  that  renders 
metallurgical  smoke  visible,  except  when  visibility  is  due  to  the 
condensation  of  water  vapor  on  cold  days.  The  true  gases  in  metal- 
lurgical smoke  are  invisible. 

From  the  foregoing  statement  it  is  evident  that  metallurgical 
smoke  contains  three  distinct  types  of  constituents — gases,  flue  dust, 
and  fume.  Of  these,  all  the  true  gases  escape  from  the  stack,  and  all 
but  the  very  finest  flue  dust  may  be  settled  out  by  ample  and  properly 
designed  dust  chambers.  The  fume  is  only  partly  recovered  with 
the  flue  dust  even  by  the  use  of  elaborate  dust  chambers  and  flues.; 
special  apparatus  must  be  erected  to  recover  it. 

HABM7T7I.  CONSTITTJENTS  OF  METALLUBaiCAL  SMOKE. 

It  is  apparent  that  the  harmful  constituents  of  smelter  smoke  are: 
(1)  Sulphur  dioxide  gas,  (2)  sulphuric  acid  formed  from  sulphur 
trioxide  generated  in  the  furnaces,  (3)  fume  or  fine  solid  particles 
containing  lead  and  arsenic  compounds  and  acid  sulphates. 

SXILPHUB  DlOXmS. 

The  most  important  of  these  at  the  present  time  is  sulphur  dioxide, 
for  no  universally  applicable  method  of  eliminating  this  gas  from 
smelter  smoke  is  as  yet  in  commercial  use.  Sulphur  trioxide  and 
sulphuric  acid  in  their  behavior  may  be  classed  with  true  fume,  and 
methods  can  be  used  that  will  completely  eliminate  these  substances 
from  the  smoke  before  it  is  discharged  into  the  atmosphere.  Sulphur 
dioxide  is  therefore  considered  first. 

SULPHXTB   DIOZn)E   IN   AIB. 

Sulphur  dioxide  is  an  invisible  gas  with  a  highly  characteristic 
penetrating  and  pungent  odor  familiar  to  almost  everyone. 
It  is  stated  that  air  containing  0.007  per  cent  by  volume  of  this 
gas  is  imbreathable,  the  gas  not  having  a  toxic  effect  but  caus- 
ing a  spasmodic  contraction  of  the  air  cells  of  the  lungs.  Only 
very  small  proportions  of  the  gas  are  ordinarily  present  in  the  atmos- 
phere, but  measurable  quantities  are  invariably  found  in  the  air  of 
cities,  especially  manufacturing  centers  where  much  coal  is  burned, 
being  formed  by  the  combustion  of  the  sulphide  minerals  in  coal, 
nU  coal  containing  some  sulphur.  As  an  example  of  the  quantity 
of  sulphur  dioxide  in  the  air  of  cities,  the  following  examples  are 
given:  Berlin,  0.000035  per  cent  by  volume;  London,  0.00039  per 
cent;  Glasgow,  0.00042  per  cent.  Air  in  the  vicinity  of  Salt  Lake 
City,  Utah,  contained  from  0.001  per  cent  to  none. 
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The  gas  may  be  detected  in  the  air  by  its  smell  if  present  in  the 
ratio  of  more  than  one  part  to  150,000  parts  of  air.  Chemically,  it 
may  be  readily  detected  in  the  air  when  the  proportion  present  is 
more  than  one  part  per  million.  It  is  probable  that  the  sulphur 
dioxide  of  the  air  is  slowly  converted  into  sulphuric  acid  by  the 
action  of  the  oxygen  and  the  water  vapor  in  the  air,  and  is  finally 
precipitated  with  the  rain  or  snow. 

EFFECT  OF   SUIf  HUB  DIOXIDE  ON   VEGETATION. 

All  vegetation  is  not  equally  affected  by  the  sulphur  dioxide  in 
the  air.  It  is  stated  on  good  authority  that  the  soft,  resinous  woods, 
especially  spruce,  are  most  readily  injured,  one  part  of  sulphur 
dioxide  in  500,000  parts  of  air  doing  damage  if  permanently  present. 
One  part  in  500,000  is  equivalent  to  0.0002  per  cent  by  volume  or  to 
0.0071  grams  of  sulphur  dioxidS  per  cubic  meter  of  air.  The  trees 
most  resistant  to  the  action  of  sulphur  dioxide  are  the  hardwoods, 
such  as  oak  and  maple.  There  are  comparatively  few  reliable  data 
as  to  the  precise  effect  of  sulphur  dioxide  and  the  amount  that  is 
necessary  to  damage  different  varieties  of  plants.'  In  recent  litiga- 
tion in  this  country  on  smelter  smoke,  much  expert  testimony  w«s 
offered  by  both  sides.  That  this  evidence  would  be  contradictory  was 
to  be  expected  with  the  present  systems  of  taking  expert  testimony, 
and,  for  evident  reasons,  much  of  the  evidence  had  no  practical  or 
scientific  value. 

The  prevention  of  damage  to  vegetation  by  sulphur  dioxide  in  the 
atmosphere  needs  the  close  study  of  disinterested  scientific  observers. 
It  is  probable  that  the  question  will  be  prominent  for  some  time,  as 
the  elimination  of  sulphur  dioxide  from  smelter  smoke  seems  to  be  in 
the  far  future,  and  the  amelioration  of  conditions  depends  at  present  on 
diluting  the  smoke  until  the  sulphur  dioxide  content  is  so  small  as  to  be 
harmless.  This  in  itself  is  a  great  engineering  problem  for  large 
plants.  The  point  to  which  dilution  must  be  carried  no  doubt  de- 
pends upon  the  nature  of  the  vegetation  in  the  vicinity  of  the  plant, 
the  climate,  whether  wet  or  dry,  and  the  season  of  the  year.  It  has 
been  found  in  Europe  and  in  Japan  that  some  crops  are  much  more 
subject  to  injury  at  certain  stages  of  their  growth  than  at  others,  and 
proposals  have  been  made  to  put  seasonal  limitations  on  the  tonnage 
of  sulphide  ore  smelted.  An  agreement  of  this  kind  is  in  effect  in 
southeastern  Tennessee  and  also  in  Japan.  During  the  active  crop- 
growing  season  the  amount  of  high  sulphur-bearing  ore  smelted  is 
reduced,  and  is  again  increased  during  the  fall  and  winter  months. 

That  comparatively  small  amounts  of  sulphur  dioxide  and  sul- 
phuric acid  (it  must  be  borne  in  mind  that  sulphur  dioxide  is  prob- 
ably slowly  converted  into  sulphuric  acid  in  the  atmosphere)  do  harm 
to  vegetation  is  attested  to  by  an  examination  of  the  trees  in  large 

"  For  a  full  dlBcusslon,  see  Report  of  the  Sclby  Smelter  Commission,  1016. 
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industrial  cities.  These,  althou^  in  many  instances  seemingly 
healthy,  suffer  from  sulphate  poisoning  and  lose  their  leaves  much 
earlier  in  the  fall  than  other  trees  in  the  vicinity  not  subject  to  the 
contaminating  atmosphere. 

S(»netini«s,  in  discussions  of  the  smelter-smoke  question  by  inter- 
ested parties,  gross  misstatements  of  fact  are  made.  Thus,  the  agri- 
culturist sees  bad  effects  from  smelter  smoke  which  other  people  can 
not  find,  and  the  metallurgist  sometimes  goes  so  far  as  to  claim  that 
smelter  smoke  is  beneficial  to  vegetation,  and  even  to  assume  that 
the  damaging  constituent  of  smelter  smoke  is  sulphur  trioxide  only, 
giving  rise  to  sulphuric  acid,  and  to  ignore  entirely  the  sulphur  diox- 
ide ccmtent.  It  is  evident  that  nothing  is  to  be  gained  by  a  policy 
of  this  kind,  and  the  solution  of  the  problem  lies  in  its  study  by  dis- 
interested conmiissi(ms,  such  as  the  one  recently  appointed  by  an 
agreement  between  the  Department  of  Justice  and  the  attorneys  of 
the  Anaconda  company  to  study  the  smoke  question  in  Montana  in  its 
relaticHoi  to  the  forest  reserves. 

COKFABIBON  OF  SHELTEB^SHOEE  PBOBLEM  IH  BTJBOPE  AND 

THE  UNITED  STATESt. 

The  problem  of  damage  by  smelter  smoke  has  been  rather  closely 
studied  for  many  years  in  European  countries,  particularly  in  Ger- 
many, and  it  might  seem  as  if  profit  could  be  derived  from  this  study 
and  experience.  Although  this  is  true  to  some  extent,  a  closer  study 
of  the  question  shows  that  conditions  in  Europe  and  in  this  country 
are  widely  different.  At  European  plants  the  amount  of  sulphide 
ores  smelted,  and  hence  the  volume  of  fume  discharged  from  fur- 
naces there,  is  small  as  compared  with  those  at  plants  in  this 
country.  Moreover,  methods  for  handling  smoke  that  are  satisfac- 
tory for  small  operations  are  inadequate  and  unsatisfactory  for 
large-scale  work.  For  example,  relatively  small  amounts  of  smoke 
may  be  put  through  a  washing  process  and  most  of  the  deleterious 
constituents  removed,  but  such  washing  is  impracticable  for  very 
large  vcdnmes  of  gas.  Even  in  European  countries  where  it  would 
seem  that  the  question  might  have  been  settled  long  ago,  contention 
between  metallurgical  and  agricultural  interests  is  not  infrequent. 
Evidently  the  problem  is  inherently  difficult  to  solve  in  a  satisfactory 
manner. 

8MELTB&-SM0KE  PBOBLEM  IN  THE  WESTEBN  STATES. 

It  is  interesting  to  review  the  general  situation  in  this  country. 
Much  of  the  trouble  is  in  the  Western  States,  and  chiefly  in  Montana, 
Utah,  and  California.  In  those  States  very  large  tonnages  of  sul- 
phide ores  are  smelted  with  the  production  of  great  volumes  of 
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smelter  smoke,  comparatively  rich  in  sulphur  dioxide  and  other  in- 
jurious constituents.  A  number  of  the  smelters  have  been  in  opera- 
tion for  many  years  and  have  experienced  difficulties  only  compara- 
tively recently. 

It  is  well  known  that  mining  and  metallurgy  are  often  the  advance 
agents  of  civilization  and  the  pioneers  in  establishing  industrial  cen- 
ters. In  many  localities  the  mines  and  the  smelters  supplied  by  them 
were  essentially  the  only  locators  within  great  stretches  of  territory. 
Around  them  grew  communities  and  cities  dependent  upon  them  for 
a  livelihood.  Agriculture  was  of  relatively  small  importance.  But 
conditions  changed  with  the  increasing  population  of  the  country 
and  the  closer  settlement  of  the  West  and,  coincident  with  this 
increase,  an  agricultural  industry  has  grown  which,  in  the  vicinity 
of  the  smelting  plants,  naturally  suffers  in  some  degree  from  smoke. 
Still,  the  area  damaged  is  comparatively  small  and  even  this  damage 
can  be  much  lessened  by  the  adoption  of  proper  means.  Since  some 
Xjlants  have  installed  devices  to  remove  sulphuric  acid  from  the 
smelter  smoke  and  have  the  smoke  diluted  with  air,  conditions  have 
been  much  ameliorated  in  certain  districts. 

EFFECT  OF  CLIMATIC  CONDITIONS. 

The  damage  that  smoke  can  do  depends  largely  on  climatic  con- 
ditions, especially  the  relative  humidity  of  the  atmosphere.  The 
damage  is  much  greater  in  regions  having  a  moist  than  in  those 
having  a  dry  climate.  In  this  respect  such  States  as  Montana, 
Utah,  and  Arizona  are  favorably  located  and  smelters  in  those 
States  can  probably  discharge  gases  richer  in  sulphur  dioxide  with- 
out doing  damage  than  those  in  regions  having  a  moister  climate. 
For  the  same  reason,  the  damage  done  at  different  seasons  of  the 
year  varies.  The  moist  atmosphere  and  the  rains  of  spring  and  early 
summer  conduce  to  increase  damage  to  vegetation,  particularly  as  at 
that  time  of  the  year  the  early  crops  and  young  vegetation  are 
susceptible  to  serious  injury. 

It  has  been  customary  to  discharge  the  smelter  smoke  by  means 
of  very  tall  chimneys,  on  the  assumption  that  if  the  noxious  gases 
are  discharged  at  considerable  height  they  will  have  opportunity  to 
diffuse  more  thoroughly  and  thus  become  so  diluted  as  to  be  com- 
paratively harmless,  but  the  efficiency  of  this  method  is  now  being 
questioned.  There  is  reason  to  believe  that  the  use  of  high  stacks 
increases  the  area  subject  to  damage,  whereas  low  stacks  may  in- 
tensify the  damage  but  concentrate  it  within  a  smaller  area.  Prob- 
ably high  chimneys  do  not  serve  their  purpose  as  well  as  was  anti- 
cipated, and  perhaps  at  present  the  better  method  may  be  to  dilute 
the  smelter  smoke  and  discharge  it  from  a  number  of  stacks. 
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SMELTEK  SMOKE  IN  LABGE  CITIES. 

In  reference  to  smoke  and  damage  suits  by  agricultural  interests  in 
western  States,  the  statement  is  sometimes  made  that  it  is  not  ap- 
parent why  these  plants  should  be  complained  of,  when  within  such 
cities  as  Omaha,  Chicago,  and  New  York  there  are  large  smelters 
and  metallurgical  works  that  discharge  smelter  smoke.  The  answer 
to  this  statement  is  to  be  found  in  the  fact  that  none  of  the  metal- 
lurgical plants  near  these  cities  treats  any  considerable  tonnage  of 
high-sulphur  ores.  Most  of  the  smelters  so  situated  are  refining 
plants,  which  may  smelt  some  sulphide  ores,  but  not  in  sufficient 
amount  to  cause  trouble  from  sulphur  dioxide.  It  frequently  hap- 
pens, too,  that  there  is  serious  complaint  in  cities  concerning  the 
smoke  nuisance  and  damage  from  metallurgical  plants.  For  instance, 
Staten  Island,  N.  Y.,  sometimes  suffers  inconvenience,  if  not  damage, 
from  certain  large  metallurgical  plants  in  New  Jersey.  This  incon- 
venience, however,  is  not  caused  by  sulphur  dioxide,  so  far  as  the 
writer  knows,  but  rather  by  fume  and,  in  certain  cases,  fine  flue  dust. 
Such  conditions  as  these  are  comparatively  easy  to  remedy. 

THE  THREE  MAIN  CONSTITUENTS  OF  METALIiUROICAL  SMOKE. 

Metallurgical  smoke  is  here  discussed  in  detail  in  relation  to  the 
three  main  constituents  of  smelter  smoke — ^gas,  flue  dust,  and  fume. 
In  practice  it  is  difficult  to  sharply  differentiate  flue  dust  and  fume. 
Smelter  smoke  issuing  from  the  throats  of  furnaces  contains  all  three 
constituents.  The  flue  dust,  consisting  of  the  solid  particles  en- 
trained by  the  gases,  settles  as  the  velocity  of  the  gas  stream  dimin- 
ishes, all  except  the  very  fine  particles,  which  may  not  settle  even 
in  the  lowest  velocity  that  the  gas  stream  attains  in  its  passage 
through  the  flues  and  dust  chambers.  Certain  metallic  vapors  that 
form  in  the  furnaces,  as  for  instance,  arsenious  oxide,  lead  sulphide, 
and  .zinc  oxide,**  are  carried  as  true  vapors  in  the  smoke  at  high  tem- 
perature, and  then,  as  the  smoke  passes  to  the  cooler  parts  of  the 
flue  system,  they  sublime  as  very  small  particles  of  fume.  As  an 
illustration  the  following  example  is  given.  If  solid  arsenious  oxide 
be  placed  in  a  vessel  that  is  open  to  the  air  at  normal  pressure  (760 
mm.  of  mercury) ,  and  then  heated,  it  sends  off  into  the  space  above  it 
arsenious  oxide  vapor,  which  in  part  replaces  the  overlying  air.  Be- 
fore the  arsenious  oxide  is  heated  the  pressure  overlying  it  (760  mm.) 
is  due  solely  to  the  air.  After  the  heating  however,  although  the 
total  pressure  is  still  760  mm.,  part  of  the  pressure  is  due  to  the 
vapor  of  arsenious  oxide,  which  has  replaced  a  certain  amount  of 

'Zinc  oxide  Is  not  markedly  volatile  except  at  high  temperature.  Under  certain  fur- 
nace conditions,  howcTcr,  zinc  and  zinc  compounds  vaporize,  and  these  vapors  are  con- 
verted into  oxide  fame  when  they  come  in  contact  with  atmospheric  oxygen. 

57570**— BuU.  84—15 2 
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air.  The  pressure  making  a  part  of  the  total  pressure  overlying  the 
solid  is  termed  a  "  partial  pressure,"  and  is  due  to  the  vapor  tension 
of  the  solid  at  the  existing  temperature.  The  vapor  tension  varies 
with  the  temperature.  Vapor  tension  is  small  at  a  low  temperature, 
and  increases  as  the  temperature  rises. 

FBECIFITATION  OF  SMOKE  PABTICLES. 

EFFECT  or  VAPOR  TENSION. 

A  substance  boils  when  its  vapor  tension  becomes  equal  to  the  pres- 
sure above  it.  If  a  volume  of  gas  that  has  been  in  contact  with  solid 
arsenious  oxide  at  a  certain  high  temperature,  and  hence  is  saturated 
with  arsenious  vapor,  be  removed  and  passed  with  other  gases  to 
cooler  parts  of  a  flue  system,  arsenious  oxide  will  sublime  or  precipi- 
tate in  very  fine  solid  particles,  because,  with  a  falling  temperature, 
the  vapor  tension  of  the  arsenious  oxide  diminishes  and  part  of  the 
oxide  sublimes  into  the  solid  state. 

An  analogous  case  is  that  of  water  vapor.  If  water  overlain  by 
air  be  heated,  water  vaporizes  as  steam,  which  will  mix  with  the  air 
above  it  in  the  same  manner  as  the  arsenious  oxide  mentioned  above. 
If  this  vapor-laden  air  be  removed  from  above  the  water  and  passed 
to  regions  where  the  temperature  is  lower,  water  will  precipitate  or 
condense  from  the  air  in  the  shape  of  fog  or  rain.  Air  ordinarily 
contains  water  vapor,  the  amount  being  dependent  on  the  tempera- 
ture. If,  for  a  given  temperature,  the  air  holds  all  of  the  water 
vapor  possible,  it  is  said  to  be  saturated.  When  saturated  air  cools 
water  is  precipitated.  For  every  given  temperature  the  air  has  a  de- 
finite saturation  point  as  regards  water  vapor.  If  the  amount  of 
water  in  a  given  volume  of  air  is  not  sufficient  to  saturate  it  for  the 
temperature  existing,  and  it  is  then  cooled,  water  will  not  precipitate 
from  the  air  until  a  temperature  is  reached  that  represents  the 
saturation  point  for  the  amount  of  water  vapor  present. 

These  principles  govern  the  condensation  and  sublimation  of  liquid 
and  solid  particles  respectively  from  their  vapors  carried  in  gas 
.«treams.  In  metallurgical  smoke,  they  are  particularly  applicable 
to  water  vapor,  sulphur  trioxide,  sulphuric  acid,  arsenious  oxide,  zinc 
oxide,  lead  sulphide,  etc.  At  the  high  temperature  in  metallurgical 
furnaces,  these  substances  are  vaporized  and  pass  into  the  smoke 
stream,  but  usually  the  smoke  stream  does  not  become  saturated  with 
any  of  them,  as  they  are  present  in  quantities  much  below  the  satura- 
tion point  for  the  existing  temperature.  Then,  as  the  smoke  stream 
passes  into  the  flues  and  cools,  the  saturation  point  for  the  existing 
temperature  of  some  of  the  substances  is  reached,  and  they  begin  to 
precipitate  either  as  fine  solid  particles  of  fume,  such  as  arsenious 
oxide  and  lead  oxide,  or  as  fine  particles  of  liquid,  as,  for  instance, 
sulphuric  acid. 
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NEED  OF  COOLING  THE  OASES. 

It  is  evident  from  the  foregoing  statement  that  in  order  to  separate 
from  the  smoke  stream  th^  substances  that  make  the  true  fume,  it  is 
necessary  not  only  to  decrease  the  velocity  of  the  gases,  but  also  to  cool 
the  gases  to  such  a  point  that  practically  none  of  the  substances  can 
continue  to  exist  in  the  vapor  state.  To  remove  both  true  flue  dust 
and  fume  it  is  necessary  to  cool  the  smoke  stream  to  a  comparatively 
low  temperature  and  to  reduce  the  velocity  of  the  stream  until  it  is  low. 
On  considering  the  ordinary  flue  system  of  a  smelting  plant,  begin- 
ning with  the  connecting  flues  from  the  furnaces  and  then  considering 
in  order  the  enlarged  dust  chamber,  the  flues  to  the  chimney,  and 
the  chimney  itself,  it  will  be  found  that  the  temperature  gradually 
diminishes  from  the  furnaces  to  the  chimney  and  that  the  velocity 
of  the  smoke  stream  is  higher  near  the  furnaces,  where  the  gas  vol- 
ume is  greatly  increased  by  the  high  temperature,  and  is  lowest  in 
the  dust  chamber  where. the  crossrsectional  area  is  such  as  to  produce 
a  minimum  linear  velocity.  In  the  flue  system  near  the  furnaces,  the 
temperature  is  too  high  for  any  fume  to  be  precipitated.  In  the  dust 
chamber,  where  a  lower  temperature  prevails,  the  flue  dust,  consisting 
of  certain  small  particles  of  the  ore  charge  and  some  fume,  is  deposited. 
Toward  the  chinmey  the  size  of  the  flue-dust  particles  decreases  and 
true  fiune  commences  to  appear,  the  proportion  increasing  as  the 
chimney  is  approached.  Therefore,  in  certain  sections  of  the  flue 
system,  the  solids  that  settle  from  the  smoke  stream  are  a  mixture  of 
true  flue  dust  and  fume,  and  the  ratio  of  fume  to  flue  dust  increases 
toward  the  chimney. 

In  taking  samples  of  settled  solids  from  different  parts  of  the  flue 
system,  it  is  not  possible  to  state  that  one  material  is  flue  dust  and 
another  material  is  fume,  for  in  nearly  all  samples  the  flue  dust  and 
the  fume  are  mixed.  A  ready  distinction  between  the  flue  dust  and 
fume  can,  however,  be  made  by  means  of  chemical  analysis.  The 
flue  dust,  as  already  stated,  consists  of  solid  particles  of  the  furnace 
charge  which  have  been  carried  over  into  the  flue  system  by  the 
velocity  of  the  gases.  An  invariable  constituent  of  the  furnace 
charge  is  silica,  so  that  flue  dust  always  has  a  high  content  of  silica  or 
insoluble  matter.  Fume,  on  the  other  hand,  consisting  as  it  does  of 
condensed  metallic  vapors,  is  essentially  free  from  silica,  so  that 
practically  a  silica  limit  might  be  established  to  differentiate  between 
flue  dust  and  fume.  Material  above  6  per  cent  silica  could  be  termed 
"flue  dust''  and  material  below  that  "fume."  This  distinction  is 
further  discussed  elsewhere  (pp.  27  to  36). 

The  gases  present  in  the  smoke,  chiefly  nitrogen,  oxygen,  carbon 
dioxide,  and  sulphur  dioxide,  pass  from  the  stack  to  the  atmosphere. 
The  difference  in  state  between  these  gases  and  the  metallic  vapors 
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existing  at  the  high  temperature  near  the  furnace  is  one  of  degree 
only.  The  vapors  can  be  condensed  or  sublimed  at  relatively  high 
temperatures,  but  the  gases  can  be  condensed  only  at  much  lower 
temperatures.  To  condense  nitrogen,  oxygen,  and  carbon  dioxide 
to  the  liquid  state  is,  of  course,  out  of  the  question,  and  entirely 
unnecessary  to  consider  in  this  instance,  but  the  condensation  of 
sulphur-dioxide  gas  to  a  liquid  merits  attention,  and  is  considered  in 
subsequent  pages. 

GASES   IX   METALLURGICAL   SMOKE. 

The  common  gases  in  metallurgical  smoke  are  nitrogen,  oxygen, 
sulphur  dioxide,  carbon  dioxide,  sulphur  trioxide,  and  carbon  mon- 
oxide; occasionally  hydrocarbon  gases  are  present  in  small  amounts. 
At  high  temperatures,  water  in  the  form  of  vapor  is  usually  present. 
As  the  gases  issue  from  the  throats  of  blast,  reverberatory,  and 
roasting  furnaces,  they  always  become  somewhat  diluted  by  what 
may  be  termed  "false  air,"  and  the  amoimt  of  such  dilution  in- 
creases from  the  furnace  throat  to  the  stack,  being  dependent  on  the 
tightness  of  dust  chambers  and  flues  and  on  the  intentional  admission 
of  false  air  to  cool  the  gas  stream  or  to  lower  the  percentage  of  some 
of  the  deleterious  constituents,  such  as  sulphur  dioxide.  This  dilu- 
tion, of  course,  changes  the  volume  composition  of  the  gases,  al- 
though it  does  not  change  the  total  weights  of  certain  constituents, 
such  as  sulphur  dioxide,  that  are  emitted  from  the  flue  and  stack 
Efystem. 

The  composition  of  smelter  gases  therefore  varies  somewhat  with 
th6  point  of  sampling  in  the  flue  system.  The  accompanying  table 
gives  the  results  of  analyses  of  typical  smelter  gases  at  a  western 
copper  smelter. 

Table  1. — Composition  oi  furnace  gases. 
[In  percentage  of  volame,  at  0*  C.  and  760  mm.  preesura.] 


Constituent. 


Sulphur  dioxide., 
Sulphur  trioxide. 
Carnon  dioxide... 

Water  vapor 

Arsenic  trioxide.. 

Oxygen 

Nitrogen 

CartMHi  monoxide 

Total 


Part  of  flue  system. 


Flue  from 
roasting 
furnaces. 


Percent. 
2.645 
.275 
.1136 
2.784 
.0073 
14.02 
81.18 
None. 


100.90 


Flue  from 
blast  fur- 
naces. 


Percent. 
1.274 
.086 
&403 
3.490 
.0091 
10.18 
78.13 
None. 


90.70 


Flue  from 
converters. 


Percent 
2.845 
.0505 
.2064 
1.061 
.00073 
12.04 
83.64 
None. 


Flue  from 

reverbera- 

tory  ftir- 

naoes. 


Percent. 
0.428 
.0044 
5.242 
3.860 
.0156 
ia37 
79.57 
Trace. 


99.80 


99.50 


Flue  at 
base  of 
stack. 


Percent. 
1.164 
.0396 
2.748 
2.834 
.00466 
11.88 
80.73 
None. 


99.40 


The  samples  corresponding  to  these  analyses  were  taken  from  the 
flues  and  represented  the  furnace  gases,  diluted  to  a  considerable  de- 
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gree  with  false  air.  It  will  be  noted  that  the  sulphur  dioxide,  as 
well  as  the  other  constituents  of  the  samples,  varied  considerably  in 
the  gases  from  the  different  furnaces. 

It  is  unnecessary  to  discuss  the  properties  of  the  smelter-smoke 
gases — carbon  'monoxide,  carbon  dioxide,  nitrogen,  and  oxygen — as 
these  have  no  particular  bearing  on  the  problem  in  hand.  Carbon 
monoxide  is  a  highly  poisonous  gas  and  of  much  importance  in  the 
gases  issuing  from  the  iron-blast  furnace,  but  it  is  found  in  small 
amounts  only  in  gases  from  furnaces  such  as  are  under  discussion, 
with  the  exception  of  the  lead-blast  furnace,  the  gases  from  which 
may  contain  as  much  as  10  per  cent  of  carbon  monoxide. 

SUIiPHUB  DIOZTDE. 
CHARACTTERISTICS. 

The  gases  of  most  importance  in  the  smoke  stream  are  sulphur 
dioxide  and  sulphur  trio2dde.  Sulphur  dioxide  is  an  irritant  gas 
with  the  powerful  odor  characteristic  of  burning  sulphur.  If  pure 
sulphur  dioxide  gas  not  admixed  with  other  gases  be  cooled  to  —10° 
C.  at  ordinary  atmospheric  pressure  (760  mm.  of  mercury,  or  14.6 
pounds  per  square  inch),  it  condenses  to  a  mobile  liquid.  If  the 
temperature  be  further  lowered  to  — 76.1°,  C.  the  liquid  freezes  to  a 
white  snowlike  mass.  At  any  temperature  between  these  two,  jgaseous 
sulphur  dioxide  will  still  exist  above  the  liquid  dioxide,  the  amount 
of  the  gaseous  dioxide  being  dependent  on  the  temperature.  Even 
below  —76.1°  C.  some  gaseous  sulphur  dioxide  will  exist,  as  the  solid 
dioxide  has  a  vapor  tension,  although  small. 

CONDmONS   GOVERNING   CONDENSATION. 

If  smelter  smoke  containing  2.5  per  cent  of  sulphur  dioxide  by 
volume  be  considered  at  ordinary  atmospheric  pressure,  the  partial 
pressure,  or  that  part  of  the  whole  atmospheric  pressure  due  to  the 
2.5  per  cent  of  sulphur  dioxide,  will  be  equivalent  to  19  mm.  of  mer- 
cury. Before  any  of  the  sulphur  dioxide  can  be  condensed  to  the 
liquid  form  the  smelter  smoke  will  have  to  be  cooled  to  that  tem- 
perature at  which  the  vapor  tension  for  saturation  is  less  than  19 
mm.  of  mercury.  At  —30°  C.  (the  lowest  temperature  for  which 
data  are  at  hand)  the  saturation  vapor  tension  of  sulphur  dioxide  is 
still  273.6  mm.  of  mercury.  This  corresponds  to  36  per  cent  by 
volume  of  sulphur  dioxide  in  the  smoke  stream.  Therefore,  even  if 
the  smoke  stream  considered  at  atmospheric  pressure  were  cooled 
to  —30**  C.,  it  would  have  to  contain  at  least  36  per  cent  of  sulphur 
dioxide  before  any  cpndensation  of  the  dioxide  could  begin.  It  is 
hence  evident  that  mere  cooling  of  smelter  smoke,  even  to  very  low 
temperatures,  will  be  without  effect  on  the  sulphur  dioxide  content 
of  smelter  smoke.    However,  if  pressure  be  applied  to  the  smoke  at 
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the  same  time  that  it  is  cooled,  condensation  of  the  sulphur  dioxide 
can  be  brought  about.  As  already  stated,  for  —30°  C.  the  saturation 
vapor  tension  of  sulphur  dioxide  is  273.6  mm.  of  mercury.  Hence 
smoke  containing  2.5  per  cent  of  sulphur  dioxide,  which  corresponds 
to  a  partial  pressure  of  19  mm.  would  have  to  be  aompressed  14.4 
atmospheres  (^-Jf^)  before  the  sulphur  dioxide  would  begin  to  con- 
dense into  liquid  particles.  The  cooling  of  enormous  volumes  of 
smelter  smoke  to  low  temperatures  and  compression  to  a  high  degree 
would  be  so  costly  as  to  make  this  suggested  method  of  eliminating 
sulphur  dioxide  from  smoke  entirely  impracticable. 

Another  method  proposed  is  that  of  refrigerating  the  gases  and 
freezing  out  sulphur  dioxide  in  connection  with  the  water  vapor. 
There  are  possibilities  in  this  process,  and  it  is  again  mentioned  in 
a  subsequent  section. 

EFFECT  OF   SULPHUR   DIOXIDE  ON    MEN    AND   ON   VEGETATION. 

The  effect  of  sulphur  dioxide  on  the  human  system  has  already  been 
briefly  mentioned.  Seventy  parts  per  million  make  air  containing 
it  unbreathable.  Some  authorities  hold  that  it  is  distinctly  harmful, 
others  that  although  its  eftect  is  highly  disagreeable,  and  of  course 
not  beneficial^  the  harm  done  by  it  is  not  serious.  It  is  always  present 
in  readily  noticeable  quantity  in  the  air  about  copper-smelting  and 
roasting  furnaces ;  in  fact,  to  such  an  extent,  that  the  ordinary  visitor 
to  these  plants  finds  the  atmosphere  practically  unbearable.  Furnace 
men,  however,  work  in  this  atmosphere  continuously  and  do  not 
seem  to  suffer  permanent  harm  from  their  contact  with  the  gas. 
On  the  other  hand,  the  effect  of  the  gas  on  vegetation  is  seriously 
harmful.  The  proportion  that  does  damage  has  been  mentioned, 
as  also  the  fact  that  different  types  of  plants  and  even  different  plants 
of  the  same  species  are  not  affected  alike. 

A  summary  of  the  action  of  sulphur  dioxide  on  plants  may  be 
stated  as  follows:  The  action  shows  itself  by  spots  on  the  leaves, 
the  whole  leaf  sometimes  becoming  seared  and  yellow.  This  drying 
of  leaves  and  twigs  and  the  falling  behind  in  yearly  growth  give  the 
general  appearance  of  a  dying  plant.  The  severity  of  the  symptoms 
varies  with  the  proportion  of  sulphur  dioxide  in  the  atmosphere. 
The  sulphur  dioxide  causes  a  derangement  of  the  water  circulation, 
leading  to  loss  of  water,  thus  causing  the  drying  of  the  leaves.  Prac- 
tically all  damage  to  plants  by  the  gas  is  by  action  on  the  leaves  and 
bark,  but  chiefly  on  the  leaves.  The  gas  is  absorbed  by  the  leaf  sur- 
face as  a  whole,  probably  acting  on  the  chlorophyll  in  the  leaf,  sul- 
phates eventually  being  formed.  There  is  no  direct  action  either  by 
sulphur  dioxide  or  sulphur  trioxide  on  the  roots  of  plants,  and  hence 
no  indirect  action  through  the  soil.    It  is  generally  conceded  that 
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the  soil  is  not  injured  by  sulphur  dioxide  or  sulphur  trioxide  either 
acting  directly  or  dissolved  in  the  rain.  The  action  of  sulphur 
dioxide  on  the  life  of  the  plant  is  intensified  by  light  and  high  tem- 
perature, and  by  moisture  in  the  air.  Plants  in  damp  climates  or 
climates  in  which  fogs  occur  are  much  more  subject  to  damage  than 
Uiose  in  dry  climates.  This  statement  is  somewhat  in  dispute,  but 
from  the  writer's  own  experience,  he  is  inclined  to  believe  that  the 
damage  is  greater  in  the  presence  of  moisture  than  when  moisture  is 
practically  absent 

Damage  to  vegetation  can  be  shown  by  the  increased  sulphate  con- 
tent over  the  normal  amount  usually  present.  In  this  connection, 
however,  it  is  necessary  to  take  into  consideration  the  sulphate  con- 
tent of  the  soil,  as  the  percentage  of  sulphate  in  the  leaves  depends 
upon  the  nature  of  the  soil.  In  general,  conifers,  or  plants  whose 
leaves  are  resinous  are  most  easily  injured.  Certain  species  of  pine, 
such  as  the  white  pine,  may  be  injured  by  as  little  as  one  part  of 
sulphur  dioxide  per  million  parts  of  air  if  this  amount  be  constantly 
present.  This  tree  may  be  severely  injured  or  even  killed  when  other 
trees  show  no  injury  whatever.  The  red  fir  is  also  easily  susceptible 
to  damage.  Post  oak,  white  oak,  and  the  red  maple  are  compara- 
tively resistant  to  injury  by  sulphur  dioxide.  Junipers,  although  be- 
longing to  the  conifer  family,  resist  injury  well.  Black  and  Spanish 
oak,  yellow  pine,  and  lodge-pole  pine  are  rather  easily  injured. 

PBOPOBnON  OF  SULPHUR  DIOXIDE  IN  AIR  NEAR  SMELTERS. 

The  proportion  of  sulphur  dioxide  gas  m  the  atmosphere  in  the 
vicinity  of  smelters  naturally  depends  upon  the  ore  capacity  of  the 
plants  and  the  amount  of  sulphur  in  the  ores.  A  correct  measure  is 
the  volume  of  smoke  discharged  by  the  stack  and  the  sulphur  dioxide 
content  of  this  smoke.  Data  for  one  large  plant  have  already  been 
given.  As  damage  to  vegetation  is  done  when  the  sulphur  dioxide 
reaches  a  certain  concentration  in  the  atmosphere,  it  would  appear  that 
it  is  necessary  under  present  conditions,  with  no  practical  process 
available  for  the  removal  of  this  gas  from  the  smoke,  to  have  this  so 
diluted  when  it  issues  from  the  stack  that  the  concentration  necessary 
for  damage  is  not  attained.  If  the  smoke  as  it  issues  from  the  top  of 
the  stack  would  rapidly  and  uniformly  diffuse  itself  throughout  the 
atmosphere,  large  volumes  of  smoke  containing  1.5  to  2  per  cent  of 
sulphur  dioxide  might  possibly  be  discharged  with  little  damage  to 
vegetation.  Unfortunately  the  diffusion  of  smoke  does  not  take 
place  rapidly.  The  smoke,  as  it  issues  from  the  stack,  has  a  rapid 
vortex  motion,  which  seems  to  hold  it  together  to  some  extent  in 
masses  after  it  leaves  the  stack.  These  smoke  masses,  which  are  ren- 
dered visible  by  the  fume,  are  of  the  same  general  composition  as  the 
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original  smoke  stream,  although  considerably  diluted.  It  is  a  matter 
of  conmion  observation  that  smelter  smoke  issuing  from  a  high  stack 
will  trail  off  for  miles  before  it  finally  reaches  the  ground. 

Some  of  the  gases  in  the  smoke  stream  unquestionably  are  diffused 
much  more  widely  than  is  indicated  by  the  visible  fume  of  the 
stream.  On  the  whole,  however,  the  contents  of  the  smoke  stream 
tend  to  hang  together  in  masses,  and  when  these  masses  strike  vege- 
tation the  damage  is  done.  That  this  statement  is  true  is  attested  by 
experience  gained  by  the  use  of  high  chimneys.  It  is  fairly  well 
established  that  when  high  chimneys  are  used  for  discharging  the 
smoke  into  the  upper  regions  of  the  atmosphere  in  order  to  attain  a 
more  complete  diffusion  of  the  gases  before  they  reach  the  earth 
damage  still  occurs,  although  distributed  over  a  wider  area  and  not  so 
pronounced.  This  indicates  the  difficulty  of  a  thorough  diffusion 
or  mixing  of  the  gases  with  air. 

Efforts  have  been  made  to  obtain  definite  figures  as  to  the  sulphur 
dioxide  content  of  the  atmosphere  in  the  vicinity  of  smelters.  Data 
of  this  sort  must  always  be  considered  with  caution,  for  the  results 
obtained  depend  largely  on  the  location  of  the  place  where  the  sample 
is  taken  in  reference  to  the  stack  and  to  the  prevailing  wind  at  the 
time.  For,  as  the  diffusion  is  so  irregular,  the  place  sampled  might 
indicate  at  one  time  only  traces  of  sulphur  dioxide,  whereas  a  few 
hours  later  the  dioxide  might  be  present  in  damaging  proportions. 

SULPHUB  TBIOXIBE. 
CHARACTERISTICS  AND  O^GIN. 

Sulphur  trioxide  is  an  oxide  of  sulphur  of  a  higher  degree  of  oxi- 
dation than  sulphur  dioxide  and  is  the  basis  of  the  common  oil  of 
vitriol  or  sulphuric  acid  of  conunerce.  It  is  formed  to  some  extent 
in  roasting  furnaces  and  to  a  much  lesser  extent  in  other  furnaces. 
The  proportion  in  the  smoke  stream  is  never  great,  but  even  small 
quantities,  if  they  be  permitted  to  escape  into  the  atmosphere,  are 
very  harmful.  However,  only  with  comparative  infrequency  does 
smoke  discharged  from  smelter  stacks  contain  more  than  small  pro- 
portions of  sulphur  trioxide  in  such  form  as  to  do  damage.  Sulphur 
trioxide  combines  molecule  for  molecule  with  water  to  form  sul- 
phuric acid. 

In  order  to  comprehend  the  behavior  of  sulphur  trioxide  in  the 
smoke,  it  may  be  followed  from  its  origin  in  the  furnace.  If  the 
roasting  furnace  be  considered  as  the  chief  source  of  sulphur  trioxide 
in  the  smoke,  its  origin  is  due  to  the  formation  of  sulphates  of  iron, 
copper,  lead,  or  zinc  during  the  roasting  process  and  the  ^bsequent 
decomposition  of  these  sulphates  into  the  oxides  of  the  metals  and 
sulphur  trioxide.    When  the  sulphur  trioxide  is  liberated  by  the  de- 
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composition  of  the  sulphates,  for  which  certain  temperatures  are  nec- 
essary, it  is  in  the  form  of  a  true  gas  and  is  carried  in  the  smoke 
stream.  The  smoke  stream  also  carries  water  vapor,  the  origin  of 
which  is  the  moisture  in  the  ore  charges  fed  to  the  furnaces.  As 
long  as  the  smoke  stream  has  a  temperature  above  440°  C,  no  com- 
bination of  sulphur  trioxide  with  water  vapor  to  form  sulphuric  acid 
is  possible,  but  as  the  temperature  falls  in  the  flues  as  the  stack  is  ap- 
proached, sulphuric  acid  vapor  forms  by  the  combination  of  water 
vapor  and  sulphur  trioxide  vapor,  until  at  about  350°  C.  one-half  of 
the  sulphur  trioxide  present  in  the  smoke  stream  is  in  the  form  of 
sulphuric  acid  vapor.  At  ordinary  atmospheric  pressure  (760  mm.) 
sulphuric  acid,  or  rather  a  mixture  of  98.54  per  cent  of  sulphuric  acid 
and  1.46  per  cent  of  water,  has  a  boiling  point  of  338°  C.  From  this 
it  follows  that  above  338°  C.  all  sulphuric  acid  present  must  be  in  a 
vapor  form  or  dissociated,  but  that  below  this  temperature  it  may  be 
present  in  the  smoke  stream  in  the  liquid  form  as  a  fine  mist  or  small 
liquid  particles.  As  sulphuric  acid,  like  most  other  liquids,  has  a 
vapor  tension  below  its  boiling  point,  a  certain  proportion  of  it  may 
still  exist  in  the  vapor  form  below  its  boiling  point,  the  exact  per- 
centage being  dependent  on  its  vapor  tension  for  any  corresponding 
temperature.  The  vapor  tension  of  sulphuric  acid  is  generally  con- 
sidered to  be  practically  zero  at  about  200°  C*  The  acid  that  con- 
denses at  this  temperature  has  a  gravity  of  about*  1.75,  corresponding 
to  62°  B.  Therefore,  the  conclusion  can  be  made  that  with  an  excess 
of  water  vapor  in  the  smoke,  or  more  than  is  necessary  to  form  sul- 
phuric acid  with  the  sulphur  trioxide  present,  all  of  the  sulphur  tri- 
oxide in  the  smoke  will  be  in  the  form  of  a  mist  of  sulphuric  acid  at 
about  200°  C. 


FORM  OF  OCCURRENCE  OF  SULPHUR  TRIOXIDE  IN  SMELTER  SMOKE. 

The  influence  of  temperature  on  the  conditions  of  the  sulphur  tri- 
oxide is  indicated  below : 

Influence  of  temperature  on  the  condition  of  sulphur  trioxide  in  smelter  smoke. 


Temperature  of 

Condition  of  sulphur  trioxide. 

Temperature  of 
smoke  stream. 

Condition  ol  sulphur  trioxide. 

MIH- 

Free  state,  unoombined  with 
water  vapor. 

About  one-half  oombined  with 
water  as  sulphuric  acid. 

Combined  with  water  as  sul- 
phuric acid,  bat  in  vapor 
state. 

2oi-S3S 

SulfJhuric  acid  present  partly 
as  a  condensed  mist  and 
partly  as  vapor,  the  relative 
proportions  being  depend- 
ent on  the  total  prop«tian 
of  sulphuric  acui  In  the 
smoke  stream. 

Sulphuric  acid  all  in  condensed 

3S0-M0 

200- 

83B± 

form  or  as  a  fine  mist  or 
fume. 

•Very  Uttle  definite  information  has  been  available  as  to  the  vapor  pressure  of  sul- 
phnric  add,  and  the  discaaslon  following  is  subject  to  correction  when  pertinent  data 
become  available. 


26  METALLUBGIGAL  SMOKB. 

As  already  stated  the  relations  indicated  in  the  table  apply  only 
when  there  is  an  excess  of  water  vapor  over  and  above  that  required 
to  form  sulphuric  acid  with  all  of  the  sulphur  trioxide  present. 
This  condition  invariably  occurs  in  ordinary  smelter  smoke  as  may  be 
seen  from  Table  1.  Under  certain  conditions,  however,  the  amount  of 
water  vapor  present  may  be  insufficient  to  form  sulphuric  acid  with 
all  of  the  sulphur  trioxide.  Somewhat  different  conditions  may  then 
exist,  and  free  sulphur  trioxide  in  the  form  of  a  fine  mist  or  fume 
may  be  present  in  the  smelter  smoke.  Sulphur  trioxide  vapor  con- 
denses into  a  liquid  at  46°  C,  and  freezes  into  a  solid  at  14.8°  C. 
The  liquid  trioxide  has,  of  course,  a  considerable  vapor  tension,  so 
that  most  of  the  free  trioxide  in  smelter  smoke,  owing  to  the  small 
amount,  will  be  in  the  form  of  vapor  until  the  solidification  tempera- 
ture of  14.8°  C.  has  been  reached. 

If  the  sulphur  trioxide  is  present  finally  in  the  form  of  sulphuric 
acid,  the  latter  will  be  deposited  in  part  as  a  mist  or  fume  in  the  flues 
and  in  part  will  be  carried  out  the  stack  with  the  gases  as  a  fume, 
provided  there  is  nothing  present  in  the  smoke  stream  to  act  as  a 
base  to  sulphuric  acid  and  combine  with  it.  In  most  instances,  how- 
ever, the  smoke  stream,  at  the  time  the  sulphuric  acid  forms,  will 
still  carry  some  fine  flue  dust  in  which  there  is  iron  oxide,  zinc  oxide, 
copper  oxide,  lead  oxide,  etc.  The  fine  dust,  in  intimate  contact 
with  the  fine  particles  of  sulphuric  acid,  will  react  and  cause  the 
formation  of  sulphates.    The  sulphates  deposit  with  the  flue  dust. 

Many  smelter  gases  do  not  carry  sufficient  amounts  of  these  react* 
ing  bases  in  the  form  of  fine  dust  or  fume  at  the  time  that  the  sul- 
phuric acid  is  ready  to  combine  with  them,  and  hence,  under  such 
conditions,  sulphuric  acid  may  be  discharged  from  the  stack.  When 
the  ore  charge  smelted  or  roasted  contains  a  considerable  percentage 
of  volatile  metals  such  as  lead,  zinc,  and  cadmium,  these  partly  pass 
to  the  fume  and,  under  oxidizing  conditions,  form  oxides.  The  fine 
fume  particles  combine  readily  with  the  sulphuric  acid  formed,  giv- 
ing rise  to  sulphates  aiid  the  consequent  neutralization  of  the  acid. 
The  neutralization  or  the  formation  of  sulphates  probably  does  not 
readily  take  place  until  temperatures  below  200°  C.  are  reached, 
meaning  practically  that  before  sulphates  are  formed  the  sulphuric 
acid  must  be  below  its  condensation  point.  The  neutralization  is 
probably  effected  by  small  particles  of  fume  becoming  centers  of 
condensation  for  the  acid.  In  most  lead  blast-furnace  smelting  the 
smelter  smoke  is  filtered  through  a  large  number  of  long  woolen  or 
cotton  bags,  in  order  to  recover  from  it  all  of  the  fine  fume  or  solid 
particles  and  discharge  only  gases  into  the  atmosphere.  The  smelter 
smoke  when  it  reaches  the  bag  house  must  fulfill  two  conditions: 
first,  it  must  have  a  temperature  low  enough  so  as  not  to  scorch  the 
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bags  and  injure  their  fabric,  and,  second,  it  must  be  essentially  free 
from  sulphuric  acid,  which  rapidly  corrodes  the  bags. 

Both  of  these  objects  are  accomplished  by  cooling  the  gases  to  about 
100°  F.  for  at  that  temperature  no  scorctiing  can  take  place  and  the 
sulphuric  acid  will  have  condensed  out.  Neutralization  in  smoke 
from  the  lead  blast  furnace  is  imperfect,  as  the  volatile  metallic  com- 
pounds are  not  oxides  because  the  smelting  is  done  under  reducing 
conditions. 

The  gases  from  roasting  furnaces,  as  already  mentioned,  contain 
more  sulphur  troxide  than  other  furnace  gases,  and  until  recently  it 
was  considered  impracticable  to  pass  them  through  the  bag  house, 
for,  as  they  did  not  contain  sufficient  metallic  fume  to  neutralize  the 
free  sulphuric  acid  formed,  their  action  on  the  bags  was  so  destruc- 
tive as  to  make  filtering  impracticable.  However,  by  introducing 
into  the  smoke  stream  a  comparatively  large  proportion  of  zinc  oxide 
fume  or  finely  powdered  lime,  the  sulphuric  acid  can  practically  all 
be  neutralized,  if  the  temperature  of  the  gases  be  low  enough.  The 
process  is  known  as  the  "  Sprague  process  "  and  is  discussed  elsewhere. 

In  order  to  compare  the  foregoing  data  with  actual  conditions,  the 
following  flue  temperatures  taken  from  practice  are  cited.  At  the 
copper  smelter  in  Great  Falls,  Mont.,  the  temperature  at  a  certain 
point  in  the  blast-furnace  flue  was  199°  C.  (393°  F.) ;  in  the  roasting 
flue  it  was  215°  C.  (419°  F.) ;  at  the  base  of  the  stack  it  was  165°  C. 
(311°  F.) ;  at  the  copper  smelter  at  Anaconda,  Mont.,  the  temperature 
of  the  gases  at  the  base  of  the  stack  in  winter  was  159°  C.  (318.2  F.) . 
It  would  therefore  seem  that,  under  conditions  such  that  a  copper 
smelter  discharges  smoke,  free  sulphuric  acid  may  be  present,  as  the 
temperature  of  discharge  is  somewhat  too  high  for  complete  neutrali- 
zation to  take  place,  even  if  enough  metallic  oxide  fume  be  present. 

• 

FliUE  DUST  IN  METALLURGICAL  SMOKE. 

COMPOSITION  OF  FLUE  DUST. 

Flue  dust  consists  of  the  fine  particles  of  furnace  charge,  either 
in  tlieir  original  condition  or  chemically  changed,  that  have  been 
carried  into  the  dust  chambers  and  flue  system  by  the  action  of  the 
tumace  gases.  True  flue  dust  does  not  include  fume.  This  consists 
of  the  metallic  compounds  that  have  been  vaporized  by  the  heat  of 
the  furnace  and  then  sublimed  or  condensed  by  being  subjected 
to  cooling  in  the  flues.  From  a  practical  standpoint,  however,  it 
is  impossible  to  completely  differentiate  flue  dust  from  fume  for 
reasons  already  given.  Tables  2  and  3  following  give  the  results  of 
incomplete  analyses  of  flue  dusts  from  Great  Falls,  Mont.,  and  from 
plants  near  Salt  Lake  City«  Utah. 
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FOBMATION  OF  SULPHATES. 

The  particles  of  ore  charge  that  are  thrown  over  by  the  action  of 
the  furnace  gases,  especially  sulphide-ore  particles,  usually  suffer 
chemical  change.  The  particles,  carried  in  a  'gas  stream  which 
sooner  or  later  becomes  somewhat  oxidizing,  are  changed  in  part  to 
sulphates,  and,  as  may  \^  seen  from  the  results  of  analyses,  the 
sulphuric  acid  content  of  most  of  the  flue  dusts  is  rather  high.  The 
sulphates  found  in  flue  dust  are:  Normal  ferrous  sulphate,  FeSO^; 
basac  ferric  sulphate,  Fe208.2S08 ;  normal  copper  sulphate,  CuSO^ ; 
basic  copper  sulphate,  2CUO.SO3 ;  normal  zinc  sulphate,  ZnS04 ;  basic 
zinc  sulphate,  3Zn0.2S08;  normal  lead  sulphate,  PbS04;  and  basic 
lead  sulphate,  CPbO.dSOs.  It  has  already  been  stated  that  the  sul- 
phur trioxide  content  of  the  furnace  gases  is  largely  due  to  the  de- 
composition of  sulphates. 

Particles  of  sulphide  minerals,  such  as  pyrite,  pyrrhotite,  chalco- 
pyrite,  and  chalcocite,  when  subjected  to  high  temperature  in  the 
presence  of  oxygen  under  certain  conditions,  particularly  such  as 
prevail  in  roasting  furnaces,  are  changed  in  part  to  sulphates.  It 
is  probable  that  the  sulphates  first  formed  are  the  normal  sulphates, 
and  that  with  an  increased  temperature  these  are  in  part  decomposed, 
with  the  formation  of  basic  sulphates  and  sulphur  trioxide.  A  still 
further  increase  in  temperature  causes  the  decomposition  of  the 
basic  sulphates,  with  the  formation  of  oxides  of  the  metals  and  a 
further  liberation  of  sulphur  trioxide.  This  action  is  particularly 
in  evidence  in  roasting  furnaces.  Particles  of  charge  thus  changed 
are  carried  over  as  flue  dust. 

A  formation  of  sulphates  also  takes  place  in  the  flues,  where,  at 
high  temperature,  sulphide  particles  in  the  flue  dust  are  subjected 
to  the  oxidizing  action  of  the  smoke  stream.  An  examination  of 
Table  3  shows  the  high  sulphur  trioxide  content  of  all  the  flue  dusts. 
This  sulphur  trioxide  is  divided  into  that  which  is  soluble  in  water 
and  that  which  is  not  soluble  in  water.  The  normal  sulphates  of 
copper,  iron,  and  zinc,  and  free  sulphuric  acid  and  free  sulphur  tri- 
oxide are  readily  soluble  in  water,  whereas  the  basic  sulphates  of 
these  metals  and  the  normal  and  basic  sulphates  of  lead  are  prac- 
tically insoluble  in  water.  If  a  sample  of  flue  dust  be  treated  with 
water  and  the  resultant  water  analyzed  for  sulphur  trioxide,  the  re- 
sult will  be  a  measure  of  the  amount  of  soluble  sulphates,  sulphuric 
acid,  and  sulphur  trioxide  present,  and  the  total  sulphur  trioxide, 
less  the  soluble  sulphur  trioxide,  will  give  the  proportion  that  is  com- 
bined as  basic  sulphates  and  lead  sulphate.  Most  of  the  sulphates 
are  hygroscopic ;  that  is,  they  will  absorb  water  and  become  hydrated. 
Some  of  the  normal  sulphates  have  an  acid  reaction,  and  flue  dust 
high  in  sulphates  has  a  corrosive  action  on  vegetation. 
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EFFECT  OF   VELOCITY   OF   SMOKE   STBEAM   ON   COMFOSmON   OF 

FLtTE  DUST. 

In  some  of  the  older  plants  of  this  country  the  velocity  of  the 
smoke  stream  in  the  flues  was  frequently  more  than  30  feet  per  second, 
with  the  result  that  the  stacks  emitted  a  considerable  quantity  of  true 
flue  dust  which  was  scattered  broadcast  in  .thq  vicinity  of  the  plant, 
doing  damage.  The  more  modern  plants  do  not,  however,  have 
such  high  velocities  in  their  flues  and  little  true  dust  is  discharged 
from  their  stacks.  The  chemical  composition  of  flue  dust  is,  of 
course,  dependent  upon  the  nature  of  the  ore  charge  smelted;  that 
from  a  copper  smelter  will  differ  from  that  of  a  lead  smelter.  The 
general  nature  of  flue  dust,  particularly  in  reference  to  sulphate  con- 
tent, is  very  similar  at  all  plants.  Formerly,  with  the  high  velocities 
of  gases  in  dust  chambers  and  flues,  the  losses  from  dust  were  con- 
siderable. At  the  present  time  the  large  plants  make  a  serious  effort 
to  reduce  these  dust  losses.  Examination  of  Table  2  will  show  that 
the  copper  content  of  the  flue-dust  samples  is  considerable. 

LOSSES  FBOM  FLUE  DUST. 

Even  with  only  small  quantities  of  dust  in  the  gases,  as  they  are 
discharged  from  the  stack,  the  losses  are  serious.  Thus,  at  Great 
Falls,  Mont.,  the  stack  discharges  daily  931,204,320  cubic  feet  of  gas 
(standard  conditions),  which  carries  50,690  pounds  of  dust  and 
fume.  The  Anaconda,  Mont.,  plant  discharges  daily  1,341,000,000 
cubic  feet  of  gas  (standard  conditions),  which  carries  153,554  pounds 
of  dust  and  fume.  Even  with  only  1.5  to  2.5  per  cent  of  copper  in 
this  dust,  the  loss  for  the  year  will  bulk  large. 

IMPOBTANCE  OF  FBOFEB  DESIGN  OF  DUST  CHAMBER. 

The  importance  of  so  designing  the  dust  chamber  and  flue  sys- 
tem as  to  minimize  this  dust  loss  is  therefore  evident.  Recently  ex- 
perimentation and  practical  experience  have  proven  that  it  is  possi- 
ble, by  adopting  proper  means,  to  cause  practically  all  of  the  true 
flue  dust  to  settle  from  the  smoke  stream.  If  the  smoke  stream  be 
conducted  through  dust  chambers  of  correct  cross  section  and  length, 
the  dust  will  settle  satisfactorily.  Although  formerly  it  was  the 
practice  to  maintain  a  velocity  of  gas  in  dust  chambers  and  flues  as 
high  as  30  to  40  feet  per  second,  the  speed  now  commonly  accepted 
as  proper  for  the  smoke  stream  in  dust  chambers  is  2^  feet  per  sec- 
ond in  plain  chambers  and  5  feet  per  second  in  chambers  hung  with 
wire  baffles  (Roesing  system).  The  length  of  dust  chambers  must  be 
sufficient  to  give  the  dust  an  opportunity  to  settle.  With  a  speed  of 
2J  feet  per  second  all  but  the  very  finest  dust  settles  in  50  seconds  in 
plain  chambers.  Hence,  if  the  cross  sections  of  the  dust  chamber 
be  proportioned  to  the  volume  of  the  gases,  so  as  to  give  a  speed  of 
2i  feet  per  second,  the  length  of  the  dust  chamber  should  be  made 
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125  to  150  feet.  If  wire  baffles  are  used  the  speed  may  be  doubled 
and  hence  the  cross  section  diminished  by  one-half  of  the  above. 
These  figures  represent  practice  at  two  great  copper  plants.  The 
speed  of  the  gas  stream  in  flues  may  be  greater  than  this.  At  the 
Great  Falls  plant,  mentioned  above,  the  velocities  were  as  follows: 
Blast- furnace  flue,  17.3  feet  per  second;  roasting-fumace  flue,  17.5 
feet  per  second;  main  dust  chamber,  5  feet  per  second;  connecting 
flue  to  chimney,  21  feet  per  second;  chimney,  10  feet  per  second. 
At  the  Anaconda  plant  the  velocity  in  the  main  flue,  at  a  point  30 
feet  below  the  stack,  was  21.43  feet  per  second.  In  general,  the  prac- 
tice is  to  build  flues  of  such  cross  section  as  not  to  exceed  a  speed  of 
about  20  feet  per  second  and  at  some  convenient  place  to  interpose 
in  tiie  flue  a  dust  chamber  of  such  cross  section  as  to  diminish  the 
velocity  of  gases  to  about  6  feet  per  second,  and  to  so  design  the 
entrance  or  exit  of  the  flues  into  or  from  the  dust  chamber  that  the 
gas  stream  is  forced  to  expand  and  uniformly  reduce  its  velocity  in 
its  passage  through  the  chamber. 

LOSSES  FBOM  FINE  DUST. 

Only  a  part  of  the  true  fume  can  be  recovered  by  a  reduction  of 
the  velocity  of  the  gas  stream,  even  with  proper  cooling  so  as  to 
precipitate  the  fume.  The  reluctance  of  fume  particles  to  settle  like 
true  dust  particles  is  discussed  more  in  detail  elsewhere.  Losses  in 
fine  dust  and  fume  through  the  stack  are  usually  expressed  in  terms  of 
grains  per  cubic  foot  of  smoke  discharged.  One  pound  avoirdupois 
contains  7,000  grains.  The  fine  dust  and  fume  discharged  with  the 
smoke  stream  is  generally  referred  to  as  the  solids  in  the  smoke 
stream.  The  total  quantity  of  solids  discharged  by  the  gas  stream 
at  Great  Falls  and  Anaconda  has  already  been  mentioned.  Ex- 
pressed in  grains  the  figures  are  as  follows:  Anaconda,  0.798  grain 
per  cubic  foot ;  Great  Falls,  0.378  grain  per  cubic  foot.  It  is  neces- 
sary to  state  that  the  methods  used  at  Anaconda  and  Great  Falls 
to  determine  this  data  are  radically  different  and  that  perhaps  the 
figures  are  not  strictly  comparable.  At  the  time  the  Balaklala 
plant  at  Coram,  Cal.,  was  in  operation  the  smoke  stream  discharged 
from  the  stack  contained  0.638  grain  per  cubic  foot.  During  trials 
on  a  large  scale  of  the  electrical  precipitation  process,  this  was  re- 
duced to  0.149  grain  per  cubic  foot. 

ABSENIOUS  OXTDE  IN  FLUE  DUST. 

The  fine  flue  dust  and  fume  that  settles  in  the  flues  near  the  stack 
frequently  contains  a  considerable  proportion  of  arsenious  oxide 
fume.  The  oxide  is  especially  likely  to  occur  at  smelters  that  treat 
ores  containing  appreciable  arsenic,  such  as  the  Butte  (Mont.)  ores. 
The  flue  dust  is  the  source  of  most  of  the  arsenious  oxide  or  white 
arsenic  produced  in  the  country.  The  copper-smelting  plants  at 
Anaconda  and  at  Great  Falls,  Mont.,  each  produce  some  arsenious 
oxide.    Arsenious  oxide  is  also  produced  from  fume  at  the  smelter 
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at  Midvale,  Utah,  and  at  the  Globe  plant  at  Denver,  Colo.  The 
arsenic-bearing  flue  dust  in  copper  smelters  and  the  fume  from  the 
bag  houses  of  lead  smelters  are  heated  in  specially  constructed  rever- 
beratory  furnaces  to  volatilize  the  arsenious  oxide,  which  then  again 
sublimes  in  the  flues.  This  crude  arsenic  product  is  gathered  and 
again  subjected  to  heating  in  a  refining  furnace,  and  the  volatilized 
arsenious  oxide  once  more  sublimes  in  flues,  yielding  the  refined 
arsenious  oxide,  or  white  arsenic,  of  commerce.  Only  part  of  the 
arsenic  in  the  ores  smelted  is  recovered  from  the  flues  of  copper 
smelters.  In  lead  smelting  practically  all  of  the  arsenic  is  caught 
with  the  fume  in  the  bag  houses.  The  present  demand  for  arsenious 
oxide  is  not  great  enough  to  warrant  copper-smelting  plants  to  seek 
a  full  recovery  of  the  arsenic  in  their  ores. 

HANDLING  OF  FLUE  DUST. 

The  flue  dust  that  is  recovered  from  the  dust  chambers  and  flue 
system  of  a  plant  must  of  necessity  be  again  treated.  The  economic 
treatment  of  this  fine  material,  which  represents  usually  2  to  10  per 
cent  of  the  total  material  smelted,  is  often  a  serious  problem.  It 
is  to  be  noted  that  this  material  has  already  passed  through  a  num- 
ber of  costly  operations  and  stands  charged  with  costs  for  labor 
and  power.  The  problem  of  a  successful  and  economic  handling  of 
fine  flue  dust  and  other  fine  material  is  general  in  metallurgy,  to  be 
found  in  the  metallurgy  of  iron  as  well  as  in  that  of  copper,  lead, 
gold,  and  silver.  In  large  copper-smelting  plants,  reverberatory 
smelting  furnaces  afford  a  means  of  successfully  resmelting  flue  dust 
in  conjunction  with  other  fine  material,  but  in  lead  and  iron  smelting, 
it  is  necessary  to  charge  the  dust  back  into  the  blast  furnace,  where, 
of  course,  if  it  be  returned  in  its  original  condition,  it  will  again  be 
largely  blown  into  the  flues.  Within  the  past  few  years,  sintering 
machines  have  been  successfully  applied  to  fine  material  and  flue 
dust.  These  machines  operate  so  as  to  sinter  or  incipiently  fuse  the 
small  particles  of  the  flue  dust  and  fines  into  an  agglomerated  porous 
mass,  which  can  be  broken  readily  into  pieces  suitable  for  blast- furnace 
smelting.    Also,  flue  dust  may  be  briquetted  for  smelting. 

METAIiliURGICAIi   FUME. 

COMPOSITION  AND  CLASSIFICATION  OF  FUME. 

Fume  may  be  defined  as  a  mixture  of  very  fine  particles  of  elements 
and  metallic  and  nonmetallic  compounds  either  sublimed  or  condensed 
from  the  vapor  state.  In  practice,  it  has  mixed  with  it  comparatively 
small  proportions  of  fine  flue  dust.  Moreover,  fume  may  consist  of 
very  small  solid  particles  and  of  very  small  liquid  particles,  the  latter 
like  a  mist  or  fog.  The  composition  of  metallurgical  fume  varies 
within  wide  limits,  dependent  upon  the  method  of  smelting  employed. 
Broadly  speaking,  it  can  be  divided  into  two  classes — first,  oxidized 
fume,  which  contains  the  metallic  elements  in  the  form  of  oxides 
or  highly  oxidized  compounds,  and,  second,  nonoxidized  or  raw  fume, 
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which  contains  the  metallic  elements  in  the  form  of  compounds  not 
associated  with  oxygen.  The  first  class  is  typically  represented  by 
fame  from  copper  blast  furnaces  and  converters,  and  the  second 
ckss  by  lead  blast-furnace  fume. 

ANAIiYSES  OF  TYPICAL  FTTME  SAMPLBS. 

In  Table  4,  following,  are  presented  the  results  of  analyses  of  fume 
from  various  kinds  of  plants  in  different  parts  of  the  United  States. 

Table  4. — Resulta  of  analyscM  of  fume  from  various  plctnia. 
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•  Fran  other  data  as  regards  the  manner  in  which  sulphur  was  present  the  probable  actual  composition 
of  this  fume  was  as  follows:  Intoluble  oonstitueiitB,  5.5  per  cent;  sine  sulphide,  0.68  per  cent;  iron  sul- 
P^'iUe,  3.81  per  cent;  elemental  sulphur,  13.82  per  cent;  copper  sulphate,  0.75  per  cent;  ferrous  sulphate, 
«^90^  cent;  sine  sulphate,  2.60  per  cent;  lead  sulphate,  31.24  per  cent;  lead  sulphide,  1.34  per  cent:  sul- 
pfaanc  »c4d,  8.96  per  cent;  anemc  sulphide  (AsA)>  3.81  per  cent;  antimony  snlphida  (ftbiSt).  1.22  per 
ttBt;  water^  9.70  per  cent;  remainder,  carbon  apd  some  oxygen  In  basic  sulphates.  The  first  three  oon^ 
Aftocits  were  probablT  present  as  fins  "  flue  dust"   Silver,  6.40  ounces  per  ton;  gold,  0.016  ounce  per  ton. 

tbeliides  ferric  eodde.         '  Free  and  as  sulphlda.    /Combtoed.     ftAssulphate.     /At250^C. 
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In  the  table,  analyses  1,  2,  3,  and  6  represent  the  first  class  and  4 
and  7  the  second  class.  In  the  copper  blast  furnace  and  converter 
the  atmosphere  is  usually  oxidizing  and  the  oxide  compounds  of  the 
volatile  metals  are  naturally  produced.  On  the  other  hand,  in  the 
lead  blast  furnace  the  conditions  are  essentially  reducing,  and  vola- 
tile nonoxidized  compounds  are  produced.  The  fume  from  lead 
blast  furnaces  may  readily  be  ignited  and  will  smolder  and  bum, 
the  unoxidized  compounds  becoming  converted  into  oxidized  com- 
pounds. In  Table  4,  analysis  4  represents  raw  or  unburned  frnne 
and  analysis  5  the  same  fume  burned  and  sintered.  The  constituents 
and  figures  given  in  Table  4  do  not  necessarily  represent  the  true 
composition  of  the  fume.  Thus  arsenic  is  given  in  the  table  both  in 
the  form  of  elemental  arsenic  and  of  arsenious  oxide.  Sulphur  is 
given  as  free  sulphur,  as  combined  in  the  form  of  sulphide,  as  com- 
bined in  the  form  of  sulphuric  acid,  as  free  sulphur  trioxide,  and  as 
sulphur  trioxide  combined  with  a  base.  The  manner  in  which  the 
substances  are  stated  depends  largely  on  the  chemist  that  makes  the 
analysis.  No  attempt  has  been  made  in  the  table  (except  in  analysis  1 
of  fume  from  Anaconda)  to  combine  the  constituents  into  the  com- 
pounds such  as  they  actually  exist  in  the  fume* 

SUBSTANCES  FOUND  IN  FX7HE. 

The  following  substances  may  be  found  in  the  type  of  fume  under 
discussion:  Metallic  gold  and  metallic  silver;  quartz  and  silicates 
of  potassa  and  soda ;  silicates  of  alumina,  lime,  and  ferrous  oxide, 
probably  carried  into  the  fume  as  fine-blown  slag  and  ore  particles; 
zinc  oxide;  normal  zinc  sulphate;  basic  zinc  sulphate;  cadmium 
oxide;  antimonious  oxide;  antimonious  sulphide;  lead  oxide;  lead 
sulphide;  lead  sulphate;  cupric  oxide;  cuprous  oxide;  elemental 
arsenic;  arsenious  sulphide;  arsenious  oxide;  elemental  tellurium; 
tellurous  oxide ;  elemental  sulphur ;  sulphur  trioxide ;  free  sulphuric 
acid;  elemental  selenium;  selenium  oxide;  thallium  oxide;  soda  and 

potassa. 

Which  of  the  above  compounds  occur  in  fume  depends  upon  the 
condition  under  which  the  fume  is  produced.  Thus,  in  copper 
smelting,  any  lead  in  the  ore  is  probably  vaporized  as  lead  oxide  and 
is  found  in  the  fume  as  such  or  in  the  form  of  lead  sulphate  if  con- 
siderable sulphuric  acid  be  present  in  the  smoke  stream.  Zinc  under 
similar  conditions  is  in  part  vaporized  as  zinc  oxide  from  the  com- 
bustion of  zinc  sulphide  mineral  and  is  found  as  such  in  the  fume  or 
as  zinc  sulphate.  Usually,  the  bases,  zinc  and  lead  oxide,  neutralize 
most  of  the  sulphuric  acid  which  is  iormed  in  the  fume  in  the  man- 
ner previously  described. .  The  oxides  of  zinc  and  lead  are  carried 
as  extremely  mimite  solid  particles  in  the  smoke  stream  after  a  cet-, 
tain  degree  of  cooling  and  probably  act  as  centers  of  condensation  for 
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the  sulphuric  acid  vapor,  thus  causing  the  formation  of  the  sulphates 
of  zinc  and  lead. 

FACTOBS   DBTEBUININQ   STATE   OF  OCCtTBBENCE    07   METALLIC 

PARTICLES  IN  FUME. 

Whether  a  metallic  compound  exists  in  the  smoke  stream  as, a  vapor 
or  is  sublimed  or  condensed  depends,  of  course,  upon  the  temperature 
and  the  saturation  vapor  tension  of  the  compound  for  that  tempera- 
ture, as  is  more  definitely  explained  for  the  compound  arsenious 
oidde,  one  of  the  most  important  constituents  of  fume.  Figure  1 
gives  the  vapor-tension  curve'of  this  compound,  plotted  on  the  basis 
of  amount  of  arsenious  oxide  per  cubic  foot  of  smoke  stream,  and  the 
temperature.  It  will  be  noted  that  at  a  temperature  of  833°  F.  a 
cubic  foot  of  the  smoke  stream  can  hold  0.325  pound  of  arsenious 
oxide  in  the  vapor  condition.  At  700°  F.  a  cubic  foot  can  hold  only 
0.05  pound.  Therefore,  if 
a  cubic  foot  of  smoke  satu- 
ated  with  oxide  be  cooled 
from  833°  to  700°  F.  0.275 
pound  of  arsenious  oxide 
will  be  condensed  as  a 
fume.  If  the  smoke  be  not 
saturated  with  arsenious 
oxide  vapor  for  a  given 
temperature,  in  other 
words,  if  less  arsenious 
oxide  than  the  smoke  can  possibly  hold  be  present,  the  smoke  will 
have  to  be  cooled  to  a  temperature  such  that  the  proportion  of 
arsenious  oxide  present  represents  saturation,  before  any  sublimation 
of  fume  takes  place.  From  the  curve  it  may  be  determined  that 
when  the  smoke  has  been  cooled  to  250°  F.  a  trace  only  of  the  arseni- 
ous oxide  is  in  the  vapor  form,  practically  all  of  the  oxide  has 
sublimed  and  is  in  the  form  of  very  fine  solid  particles.* 

What  has  been  stated  for  arsenious  oxides  applies  in  a  general  way 
to  all  of  the  compounds  in  the  fume,  except  that  the  saturation  pres- 
sures and  temperatures  vary  for  each  and  every  compound.  The 
temperatures  at  which  sublimation  or  condensation  is  practically  com- 
plete for  the  compoimds  named  as  common  in  fume  are  higher  than 
that  for  arsenious  oxide.  Hence  no  metallic  compounds  as  vapor 
pass  up  the  stack  with  the  smoke  stream,  but  such  as  are  lost  are  in 
the  form  of  sublimed  or  condensed  particles.  Evidently  the  cooling 
of  the  smoke  stream,  in  order  to  permit  sublimation  and  condensation, 
is  very  important.  The  cooling  is  accomplished  in  some  plants  by  the 
admission  of  cold  air  to  the  smoke  stream,  and  in  others,  as,  for 
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•Tot  a  dlBcnssion  of  the  vapor  pressure  of  arsenic  trioxlde,  see  Welch,  H.  V.,  and 
Dnschak,  L.  H.,  The  vapor  pressure  of  arsenic  triozide :  Tech.  Paper  81,  Bureau  of  Mines. 
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instance,  in  certain  lead-smelting  plants,  by  passing  the  gases  through 
a  long  flue  system,  part  of  which  consists  of  sheet-iron  or  steel  flues, 
the  cooling  effect  of  which  on  account  of  their  high  heat  conductivity 
is  pronounced. 

As  already  stated,  fume  particles  are  in  an  extremely  minute  state 
of  division  and  dotiot  settle  from  the  gas  stream  by  gravity  as  ordi- 
nary flue-dust  particles  do.  Even  though  the  gas  stream  be  cooled 
so  that  complete  sublimation  or  condensation  can  take  place  and  the 
velocity  of  the  stream  be  reduced  to  a  low  rate,  little  settling  of  fume 
occurs.  In  fact,  surfaces  somewhat  heated,  particularly  if  they  be 
moist,  seem  to  have  a  decidedly  repellant  action  on  the  fume  particles. 
This  peculiar  action  of  fine  particles  near  heated  surfaces  is  well 
known.  It  is  probably  due  to  their  bombardment  by  gas  molecules 
repelled  from  the  heated  surfaces.  A  similar  force  operates  the  well- 
known  device  known  as  Crooke's  radiometer.  The  behavior  of  mi- 
nute particles  in  a  fluid,  gas,  or  liquid  has  been  investigated  by  Stokes. 
With  a  given  viscosity  of  the  fluid,  particles  of  a  certain  minuteness 
do  not  settle  by  gravity,  the  frictional  forces  being  sufficient  to  keep 
the  particles  in  suspension.  In  the  settlement  of  very  fine  colloid 
particles  (slimes)  in  liquids,  similar  conditions  prevail  and  settle- 
ment can  not  be  effected.  It  would  seem  that  the  laws  governing 
these  very  fine  solid  particles  in  fluids  are  still  little  known  and  afford 
an  interesting  field  for  research. 

AN  XJNSATISFACTOBY  METHOD  OF  BEMOVINa  FUIOB. 

One  of  the  methods  that  has  been  advocated  for  many  years  to  re- 
move fume  from  smelter  smoke  is  the  spraying  of  the  gas  stream  with 
water,  accomplished  by  forcing  the  gas  stream  to  rise  against  water 
sprays  in  towers  or  by  adding  to  the  gas  stream,  while  still  hot,  large 
quantities  of  steam,  which  later  condenses,  or  by  passing  the  smoke 
stream  through  centrifugal  gas  washers,  such  as  the  Theisen  washer, 
with  a  view  to  thus  removing  the  fume.  The  method  removes  flue 
dust  with  fair  success,  but  is  not  satisfactory  for  fume,  so  that  the 
statement  may  be  safely  made  that  the  application  of  water  to  the 
smoke  stream  in  various  ways  for  the  removal  of  fume  holds  out 
little  promise.  Fume  can  be  readily  removed  by  filtering  the  smoke 
stream  through  fabrics  or  by  electrically  precipitating  the  par- 
ticles. These  methods  for  the  removal  of  fume  from  the  smoke 
stream  are  discussed  in  following  pagea 

DAMAGE  GAT7SED  B7  FUME. 

The  escape  of  fume  from  the  stacks  causes  not  only  a  loss  of  valu- 
able material  under  certain  conditions,  but  is  also  occasionally  the 
cause  of  considerable  damage.  Damage  by  smelter  smoke,  as  already 
outlined,  may  be  caused  by  two  constituents  of  the  smoke,  first,  the 
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sulphur  dioxide,  and,  second,  the  fume  and  flue  dust.  The  damage 
hy  the  solids  is  done  when  they  are  of  a  i>oisonous  nature,  as  for 
instance,  arsenious  oxide  and  lead  compounds,  or  when  they  con- 
sist of  acid  sulphates  or  particles  to  which  adhere  sulphur  trioxide 
and  solphuric  add.  When  the  smoke  stream  contains  considerable 
arsenions  oxide,  vegetation  in  the  vicinity  of  the  smelters  may  be- 
come contaminated  with  this  poison,  under  certain  climatic  condi- 
tions, particularly  when  little  rain  falls,  so  that  the  oxide  concen- 
trates on  plants  and  leads  to  the  poisoning  of  stock.  High  stacks, 
which  tend  to  scatter  this  poisonous  fume  over  large  areas  and  thus 
prevent  any  concentration  of  the  arsenious  oxide  in  sufficient  quan- 
tity to  be  really  harmful,  usually  solve  the  difficulty  experienced 
from  this  source. 

A  number  of  plants  recover  considerable  arsenious  oxide  as  a  by- 
product, and  could  recover  a  still  larger  percentage  of  that  in  the 
ore  if  the  market  warranted  such  recovery.  However,  the  demand 
for  this  substance  is  somewhat  limited,  so  that  some  of  it  is  permitted 
to  esci^)e.  The  damage  to  country  surrounding  smelters  from  the 
sdid  constituents  of  the  smelter  smoke  is  now  not  as  great  as  for- 
merly, since  the  installation  of  adequate  flue-dust  settling  facilities 
and  high  stacks.  F(Ninerly,  with  low  stacks  and  inadequate  settling 
facilities  and  high  velocities  of  smoke  stream  in  flues,  the  damage 
due  to  solids  was  probably  considerable.  The  corrosive  effect  on 
vegetation  of  flue-dust  particles  and  fume  charged  with  sulphuric 
acid,  metallic  sulphates,  and  sulphur  trioxide  is  very  pronounced, 
and  when  much  of  this  material  is  discharged  from  stacks,  as  will 
happen  in  connection  with  poorly  designed  flue  systems,  the  damage 
to  vegetation  may  be  serious.  It  is  to  be  noted  here  that  damage 
by  sulphur  dioxide  gas  is  not  included  in  this  discussion  and  is  some- 
thing entirely  apart 

It  is  an  interesting  fact  that  when  the  discharge  from  smelter 
stacks  is  made  invisible,  or  nearly  so,  by  the  removal  of  fume,  either 
by  filtering  the  discharge  through  bags  or  by  electrical  precipitation, 
little  complaint  is  heard  from  the  surrounding  country,  even  when 
the  fume  itself  is  practically  harmless,  and  when  real  damage  may 
still  be  done  by  the  sulphur  dioxide  gas,  which,  of  course,  is  invisible. 
The  writer  knows  of  one  plant  that  discharges  a  nonvisible  smoke 
stream  containing  considerable  sulphur  dioxide  which  occasionally 
in  damp  weather  causes  minor  damage.  This  damage  is  not  particu- 
larly notice^le,  but  at  times  when  a  bag  house  is  not  in  working 
order  for  a  brief  period  and  the  smoke  becomes  visible,  owing  to  un- 
filtered  fume,  complaints  arise  about  damage  done,  although  the 
occurrence  of  any  real  damage  is  questionable.  From  a  psychological 
standpoint  it  seems  to  be  desirable  to  make  the  smoke  stream  invisible 
by  the  complete  removal  of  fume. 
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RECOVERY  OF  FLUE  DUST  AND  FUME  AND  METHODS  PROPOSED 

FOR  RENDERING   SMOKE   HARMLESS. 

BEGOVEBY  07  FLUE  DUST. 

Within  the  past  five  or  six  years  the  realization  has  come  to  smelter 
managers  that  in  many  plants  a  considerable  loss  of  valuable  material 
may  take  place  in  the  fine  flue  dust  discharged  with  the  smoke  stream. 
This  question  has  already  been  discussed  in  some  detail  in  the  preced- 
ing pages,  and  the.  intention  here  is  to  outline  the  actual  methods 
adopted  to  overcome  the  loss.  Officials  of  two  large  copper-smelting 
plants  in  this  country  have  investigated  this  question  thoroughly  and 
have  acted  on  their  investigations  by  constructing  suitable  devices  to 
overcome  losses.  One  is  the  Anaconda  company's  smelter  at  Great 
Falls,  Mont.,  and  the  other  is  the  smelting  plant  of  the  Copper 
Queen  mine,  in  Arizona. 

SAVING  AT  ONE  PLANT  USING  IMPROVED  FLUE  SYSTEM. 

It  was  demonstrated  at  the  Great  Falls  plant  that  with  the  old  flue 
system  in  use  there  was  a  daily  loss  in  the  dust  of  3,775  pounds  of 
copper,  106  ounces  of  silver,  and  0.71  ounce  of  gold.  By  using  the 
new  flue  system,  which  makes  adequate  provision  for  dust  recovery, 
the  losses  have  been  reduced  to  347  pounds  of  copper,  28.5  ounces  of 
silver,  and  0.2  ounce  of  gold.  The  copper  loss  amounts  to  0.19  per 
cent  of  the  copper  charged  into  the  furnaces.  The  saving  thus  ef- 
fected is. $372.18  a  day,  or  $130,263  a  year.  The  cost  of  the  new  flue 
system  was  $1,100,000,  so  that  the  saving  made  much  more  than  pays 
the  interest  charges  on  the  investment. 

LOSSES  FBOM   FLUE  DUST  CONSIDERABLE. 

At  the  plant  of  the  Copper  Queen  mine  it  was  discovered  that  there 
was  considerable  loss  through  dust  passing  out  the  stack.  The  daily 
copper  loss  due  to  this  cause  was  estimated  to  be  about  6,000  to  18,000 
pounds,  dependent  on  the  number  of  furnaces  in  operation.  Refer- 
ence to  Table  2,  giving  flue-dust  composition  at  some  Utah  plants,  will 
show  that  certain  of  these  dusts  were  taken  at  the  base  of  the  chim- 
ney and  that  their  silica  content  is  high.  This  would  indicate  a  large 
percentage  of  true  flue  dust  in  the  smoke  stream,  and,  of  course,  a 
considerable  discharge  of  dust  into  the  atmosphere. 

EFFECT  OF  VELOCITY  OF  SMOKE  STREAM  ON  DUST  DISCHARGE. 

There  is  no  question  but  that  some  plants  in  this  country  were  for- 
merly, and  are  even  at  the  present  time,  suffering  considerable  loss 
from  fine  dust  being  discharged  with  the  smoke  stream.  The  work  at 
the  Great  Falls  and  the  Copper  Queen  plants  has  shown  conclusively 


BBCOVBBY  OF  FLUE  DUST  AND  FUME.  39 

that  dust  losses  may  be  largely  avoided  by  a  redaction  in  the  velocity 
of  the  gas  stream  to  about  5  feet  per  second.  The  reduction  is  ac- 
complished by  passing  the  smoke  stream  into  large  dust  chambers 
hung  with  a  mjriad  of  wires  in  such  a  way  that  there  is  no  direct 
channel  through  the  dust  chamber,  there  being  at  least  10  obstruc- 
tions to  any  passage.  The  use  of  wire  baffles  for  the  purpose  of  set- 
tling out  dust  from  smoke  is  known  as  the  Roesing  system. 

Formerly  it  was  accepted  as  a  fact  that  the  passing  of  the  smoke 
stream  through  a  long  system  of  flues  of  such  cross  section  that  the 
velocity  did  not  exceed  20  to  80  feet  per  second  would  cause  the 
dust  to  settle.  It  was  considered  that  length  was  essential.  In 
the  more  modem  construction  it  is  found  that  if  dust  is  to  be  settled 
the  velocity  must  be  reduced  to  not  more  than  2J  feet  per  second  in 
clear  chambers  or  to  5  feet  per  second  in  chambers  hung  with  wires. 

DESGBIFTION  OF  PROPERLY  CONSTRUCTED  FLUB  SYSTEM. 

A  modem  flue  system,  therefore,  may  be  considered  to  consist  of 
(1)  the  individual  flues  leading  from  the  different  furnaces  and  of 
such  cross  section  that  the  gas  velocity  shall  not  exceed  20  to  25  feet 
per  second,  the  flues  discharging  in  a  proper  manner  into  (2)  a  large 
chamber  known  as  the  dust  chamber  250  to  350  feet  long  and  of  such 
cross  section  as  to  reduce  the  gas  velocity  to  2|  or  5  feet  per  second, 
dependent  upon  whether  wire  baffles  are  used,  and  (3)  a  flue  connect- 
ing the  dust  chamber  with  the  chimney  and  of  such  cross  section  that 
the  gases  have  a  velocity  not  exceeding  20  or  25  feet  per  second,  and 
(4)  a  chimney  of  sufficient  cross  section  to  carry  the  gas  stream  at  this 
velocity  and  of  sufficient  height  to  give  ample  natural  draft  at  the 
furnaces. 

FLUE  SYSTEM  AT  COPFER-SMELTINO  PLANT  AT  GREAT  FALLS,  MONT. 

In  Plate  I  is  shown  the  new  flue  system  at  Great  Falls.  It  consists 
of  a  cross-take  flue  that  discharges  into  the  dust  chamber,  which 
connects  to  the  chimney  by  means  of  a  long  connecting  flue.  Into 
the  cross  take  and  the  dust  chamber  discharge  the  individual  flues 
from  the  blast  furnaces,  reverberatory  furnaces,  roasting  furnaces, 
and  converters.  The  arrangement  of  these  individual  flues  is  tem- 
porary only.  They  will  discharge  into  the  main  system  somewhat 
differently  after  the  furnaces  have  been  reconstructed.  But  the  sys- 
tem, from  the  cross-take  flue  on,  may  be  considered  as  a  typical  mod- 
em flue  system. 

The  most  interesting  part  of  this  is  the  dust  chamber,  which  is  a 
rectangular  chamber  367  feet  long,  177  feet  wide,  and  21  feet  high 
from  the  top  of  the  hoppers  to  the  roof.  It  is  constructed  of  brick 
and  steel  in  the  manner  shown  in  Plate  II,  which  depicts  a  transverse 
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section  and  a  longitudinal  section.  These  views  represent  sections 
near  the  upper  end  of  the  chamber,  where  it  joins  the  connecting 
flue,  in  order  to  show  the  special  features  of  construction,  such  as 
the  wire-shaking  arrangements  z  and  the  cold-air  pipes  ;.  The  wire- 
shaking  arrangements  provide  for  the  shaking  of  the  wires  from 
the  outside  of  the  dust  chamber  to  dislodge  dust  that  has  accumulated 
on  the  wires.  The  air  pipes  ;,  which  enter  the  dust  chamber  from 
the  top  and  from  the  bottom,  admit  cold  air  in  order  to  decrease 
the  temperature  of  the  smoke  stream  and  cause  the  sublimation  of 
arsenious  oxide,  etc.  The  dust  chamber  is  set  on  a  large  number  of 
steel  colimms,  and  the  bottom  of  the  chamber  is  formed  by  a  great 
number  of  hoppers  (PL  III, A),  from  which  the  collected  flue  dust 
may  be  discharged  into  cars.  Plate  IV  shows  the  hopper  plan  of  the 
bottom  of  the  dust  chamber.  In  all  there  are  1,042  hoppers.  The 
chamber  is  divided  longitudinally  by  a  brick  wall,  shown  in  Plate 
II  and  as  a  heavy  line  in  Plate  IV. 

USE  OF  8TKEL  W11XB. 

The  area  within  the  dotted  lines  (PL  IV)  is  hung  with  steel  wires, 
spaced  2.8  inches,  center  to  center,  there  being  a  total  of  about  1^00,- 
000  wires,  each  of  which  weighs  about  1  pound.  The  wires  are 
hung  in  two  groups,  with  a  clear  space  of  47  feet  between  the  two 
groups  near  the  middle  of  the  chamber.  Plate  IV  indicates  that  a 
clear  space  is  left  at  the  inlet  end,  affording  an  unobstructed  passage 
for  the  gases  to  distribute  themselves  equally  over  the  full  width  of 
the  chamber.  The  total  average  length  of  the  chamber  filled  with 
wires  is  approximately  817  feet.  There  are  two  sizes  of  wire  used 
in  the  first  group.  For  a  distance  of  about  51  feet  from  the  inlet 
end  wires  16  feet  long  and  0.162  inch  in  diameter  are  used,  the  rest 
are  20  feet  long  and  0.135  inch  in  diameter.  The  second  division  is 
hung  with  wires  20  feet  long  and  0.135  inch  in  diameter.  At  the 
upper  end  of  the  first  division  of  wires  there  are  22  pipes  for  the 
admission  of  air  in  case  it  should  be  desirable  to  lower  the  tempera- 
ture of  the  gases.  An  interior  view  of  the  dust  chamber  showing 
these  air  pipes,  the  wires,  and  the  top  of  the  hoppers  is  shown  in 
Plate  III,  B.  The  wires  are  suspended  from  crimped  iron  screen 
cloth  of  1.625-inch  mesh  stretched  along  the  bottom  of  the  roof 
purlins.  Flat  bars,  2^  inches  by  -^  inch,  bolted  to  the  purlins  hold 
the  screen  in  place.  The  baffle  wires  are  provided  with  a  hook  in 
the  form  of  a  shepherd^s  crook  on  one  end  and  are  suspended  from 
alternate  intersecting  points  on  the  screen.  The  wires  are  shaken 
for  a  period  of  about  30  minutes  at  intervals  of  60  to  90  days,  as  may 
be  required. 
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XTBB  OF  BUTTEBFLT  DAICPEBS. 

At  one  end  of  the  chamber  a  line  of  butterfly  dampers  {x,  PL  II) 
is  provided,  so  that  either  side  or  the  whole  of  the  chamber  may  be 
closed  to  the  passage  of  gases.  The  dampers  are  made  of  heavy  cast- 
iron  plates  which  are  carried  by  a  vertical  shaft.  The  step  bearing 
at  the  bottom  is  below  the  floor  plate,  where  it  is  free  from  dust  and 
can  be  oiled  and  inspected.  The  upper  ends  of  the  shafts  pass  out 
through  the  roof  of  the  dust  chamber,  each  one  being  equipped  with 
a  worm  and  hand  wheel  for  operating  the  damper.  While  the  shak- 
ing device  of  one  side  of  the  chamber  is  in  operation,  the  dampers  on 
this  side  are  closed  and  all  the  gases  pass  to  the  opposite  side  of  the 
longitudinal  division  wall. 

BE8ULTS  OBTAINABLE  WITH    SYSTEM. 

Figures  illustrating  the  results  obtainable  with  the  new  flue  system 
are  as  follows: 

Tons. 

Amount  of  copper-bearing  material  treated  during  41  months 1, 478, 026 

Flue  dust  recovered  from : 

Blast-furnace  flue 87,020 

Hoaster-fumace  flue 18,741 

Uptake  and  cross-take  flue 17, 360 

Main  dust  chamber 68, 048 

Ck>nnecting  flue 4,000 

Total 191,169 

Monthly  average  of  flue  dust  recovered 4,662 

Proportion  of  flue  dust  recovered,  per  cent  of  the  material  treated.  12. 93 

During  the  operation  of  the  old  flue  system  there  was  treated,  in 
68  months,  2,877,388  tons  of  copper-bearing  material,  from  which 
104,239  tons  of  flue  dust  was  recovered,  or  3.62  per  cent.  It  will  be 
noted  that  the  percentage  of  flue  dust  recovered  is  much  greater  under 
the  new  system  with  its  accompanying  improvements  than  under  the 
old,  the  difference  practically  representing  what  was  formerly  lost. 

Ill  the  new  system  all  flues,  including  the  dust  chamber,  are  raised 
above  ground  and  have  hopper  discharges,  so  that  it  is  an  easfy  matter 
to  remove  flue  dust  from  the  flue  system.  In  many  of  the  older 
plants  at  least  part  of  the  flues  are  not  provided  with  this  con- 
venience, and  the  flue  dust  accumulates  in  time  to  such  an  extent 
that  it  is  necessary  to  shut  down  the  plant  and  clean  out  the  flue 
system.  The  continuous  accumulation  of  dust  in  this  kind  of  flue 
progressively  diminishes  the  area  and  necessarily  increases  the  gas 
velocity,  causing  increased  dust  losses.  At  Great  Falls  this  difficulty 
is  eliminated. 
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MANNER  OF  DEPOSITION  OF  FLUE  DUST. 


Figure  2  indicates  the  manner  in  which  flue  dust  is  deposited  in 
the  large  dust  chamber  at  Great  Falls.  It  will  be  noted  that  a  great 
part  of  the  dust  is  deposited  near  the  entrance  of  the  chamber,  over 
50  per  cent  of  it  being  thrown  down  in  the  space  from  the  beginning 
of  the  chamber  to  the  tenth  row  of  hoppers.  The  effect  of  the  lack 
of  wii-es  in  the  center  of  the  chamber  is  plainly  shown  by  the  drop 
in  the  quantity  of  dust  deposited. 


FlOUKB  2.- 
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HOPPER  NUMBEB 

-Manner  of  deposition  of  flue  4ast  in  dust  chamber  (the  dotted  lines  indicate 

the  space  filled  with  wires). 


USE  OF   WIRE-HUNG  DUST   CHAMBERS   IK   OTHER  SMELTING  FIANTS. 

At  the  Copper  Queen  smelter  in  Arizona  a  number  of  smaller  dust 
chambers  are  in  use.  That  connected  with  the  reverberatory  furnaces 
is  1,200  feet  in  cross  section  and  132  feet  long  and  contains  30,000 
wires  That  connected  with  the  roasting  furnaces  is  1,370  feet  in 
cross  section,  and  1 W  feet  long,  and  contains  42,000  wires.  The  pro- 
portion of  flue  dust  recovered  in  the  chamber  last  mentioned  is  about 
6  per  cent  of  the  ore  roasted. 

At  the  smelting  plant  at  Tooele,  Utah,  a  wire-hung  dust  chamber 
was  used  in  connection  with  the  roasting  furnaces  before  an  ex- 
plosion in  1913,  and  experiments  with  this  system  are  being  con- 
ducted at  the  Tacoma  plant  of  the  same  company. 
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TREATMENT  OF  FLUB  DUST. 

The  usual  manner  of  treating  flue  dust  is  to  charge  it  as  it  comes 
from  the  flues  and  dust  chambers  into  the  reverberatory  smelting 
furnaces  as  part  of  the  charge  of  that  furnace.  Plants  provided 
with  reverberatory  furnaces,  as  most  of  the  copper-smelting  plants 
now  are,  experience  little  difficulty  in  the  treatment  of  flue  dust. 
But  when  no  reverberatory  furnaces  are  at  hand,  that  is,  when  their 
use  for  certain  reasons  is  not  warranted,  the  treatment  of  the  flue 
dust  becomes  a  serious  problem.  This  problem  is  encountered  in 
some  copper-smelting  plants  and  in  all  lead-smelting  plants.  Re- 
cently the  Dwight-Lloyd  sintering  machines  for  the  agglomeration 
of  fine  sulphide-bearing  materials  have  come  into  wide  use,  and  at 
a  number  of  plants  they  successfully  treat  mixtures  of  fine  ores  and 
flue  dust  and  prepare  them  for  blast-furnace  smelting. 

BECOVEBT   OF   ABSENIC. 

The  material  recovered  from  the  flue  system  under  the  name  of 
flue  dust  is  not  necessarily  true  flue  dust  only,  but  consists  usually 
of  a  mixture  of  flue  dust  and  fume.  At  Anaconda  and  Great  Falls 
the  flue  dust  that  accumulates  in  the  upper  part  of  the  flue  system 
contains  considerable  arsenic.  It  has  been  mentioned  that  at  Ana- 
conda and  Great  Falls  this  flue  dust  is  re-treated  for  the  recovery  of 
arsenious  oxide.  By  no  means  can  all  of  the  arsenic  in  flue  dust  be 
recovered  as  arsenious  oxide.  A  certain  proportion  of  this  substance 
is  fixed  in  the  flue  dust  as  nonvolatile  arsenates.  The  recovery  is 
usually  50  to  70  per  cent.  It  is  stated  that  at  Anaconda  the  total 
quantity  of  arsenious  oxide  per  year  in  the  ores  smelted  is  15,000 
tons.  In  1912  this  plant  produced  about  357  tons  of  arsenious  oxide 
or  white  arsenic.  The  total  consumption  of  white  arsenic  in  the 
United  States  in  1912  was  6,030  tons,  about  one-half  of  which  was 
imported,  and  the  other  half  is  a  by-product  smelter  production. 
Hence  it  is  useless  to  seek  the  complete  recovery  of  the  arsenic  oxide. 
Butte  ores  contain  on  an  average  0.5  to  0.6  per  cent  of  arsenic,  ex- 
pressed as  arsenious  oxide.  This  is  eliminated  in  four  ways,  as 
follows:  (1)  In  concentrating  the  ores;  (2)  as  fume  carried  by  the 
smoke  streams  discharged  by  the  stack;  (3)  as  arsenious  oxide  re- 
covered in  the  arsenic  plant;  (4)  as  arsenic  eliminated  in  the  blast- 
furnace and  reverberatory  slags.  The  blast-furnace  slag  at  Anaconda 
carries  about  0.24  per  cent,  and  the  reverberatory  slag  about  0.30 
per  cent  arsenic,  expressed  as  arsenious  oxide.  Probably  about  20 
per  cent  of  the  arsenic  in  the  ores  is  eliminated  in  the  slag. 

USB  OF  BAG  HOUSES  IN  LEAD-SMELTING  PLANTS. 

Many  lead-smelting  plants  are  provided  with  a  bag  house  for  the 
recovery  of  fume  and  fine  flue  dust,  so  that  the  importance  of  the 
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proper  construction  of  the  dust  chamber  for  the  recovery  of  flue  dust 
is  perhaps  not  so  apparent,  as  fine  dust  will  be  readily  caught  in  the 
bag  house.  However,  a  number  of  lead-smelting  plants  in  this  coun- 
try are  not  provided  with  bag  houses,  and  others  having  bag  houses 
discharge  the  gases  from  the  roasting  furnaces  and  pots  and  sinter- 
ing machines  directly  into  the  atmosphere.  Hence  nearly  all  lead- 
smelting  plants  will  profit  by  installing  flue  systems  of  modem  de- 
sign. A 

BECOVlIBYttoF  FUME. 

two  methods  employed  for  the  reco/ery  of  fume — filtering  the  smoke 
stream  through  woolen  or  cotton  b  ^. '« and  electrically  precipitating  it 
by  the  electrical  precipitation  process.  The  first  has  a  rather  wide 
application ;  the  second  is  just  beginning  to  be  used  but  gives  great 
promise.  In  general  it  may  be  stated  that  fume  will  be  removed 
from  smelter  smoke  for  two  reasons:  First,  because  the  fume  is 
valuable  and  its  recovery  is  profitable,  as  in  a  number  of  instances 
in  lead  smelting;  and,  second,  to  remove  noxious  material,  such  as 
lead  compounds,  arsenious  oxide,  and  sulphuric  acid,  from  the  smoke 
stream  and  to  prevent  its  discharge  into  the  atmosphere,  where  it  will 
do  damage. 

NECESSITY  OF  BAG  HOUSES. 

As  previously  stated,  an  invisible  discharge  from  smelter  stacks  is 
desirable  from  many  points  of  view.  Practically  all  lead-smelting 
plants  in  this  country,  except  a  number  in  Colorado,  are  provided 
with  bag  houses.  The  bag  house  has  also  been  applied  at  one  copper- 
smelting  plant,  that  at  Kennett,  Cal.  The  maintenance  of  a  bag 
house  is  expensive,  and  its  use  is  profitable  only  when  smelting  in  the 
blast  furnace  with  a  high  percentage  of  lead  on  the  charge  is  being 
done.  Hygienic  and  legal  reasons,  however,  make  its  use  at  lead 
smelters  practically  imperative.  The  fume  from  a  copper  smdter  is 
usually  not  as  valuable  as  that  of  a  lead  smelter,  so  that  a  bag  houae 
for  its  recovery  is  even  less  likely  to  yield  a  profit  Furthermore,  as 
regards  copper  smelters,  the  temperature  of  the  gases  is  high  and 
their  volume  is  much  greater  than  in  lead  smelters,  so  that  the  techni- 
cal difficulties  of  bag-house  operations  are  greatly  increased.  Hence 
the  bag  house  is  rarely  considered  as  an  adjunct  to  the  copper  smelter, 
except  in  the  instance  above  noted,  where  its  installation  was  made 
necessary  by  court  decisions.  The  bag-house  installation  at  this  plant 
is  described  in  some  detail  elsewhere  in  this  report. 

The  bag  house  was  first  used  in  the  metallurgy  of  zinc  to  filter 
zinc-oxide  fume  used  in  paint  manufacture.  It  was  next  adapted  to 
filtering  the  fume  out  of  the  gases  from  the  lead  blast  furnace.  The 
endeavor  was  made  to  filter  the  gases  from  all  the  furnaces  of  the 
lead  smelter  including  roasting  furnaces,  but  it  was  soon  found  that 


B.     INTERIOR  OF  OUST  CHAMBER,  SHOWING  WIRES  AND  COUDAIR  PIPES. 


^PUi 


w-s. 


*"*i*i"j*t*itWiSgy^*l**j*_*^w^>tyr^'■'^ 


2881 


1131 


iijtt 


1188 


1134 


1135 


1136 


-1^ 


Ml 


131 


ise 


138 


184 


186 


188 


U 


WSSB^^SSSBsA 


16)  @  0  (1 

LS   PLANT. 


BECOVEBY  OF  FLUE  mjST  AND  FUME.  45 

the  sulphur  trioxide  and  sulphuric  acid  content  of  the  gases  from 
these  furnaces  was  such  as  to  quickly  destroy  the  fabric  of  the  bags 
employed,  whether  they  were  wool  or  cotton.  Only  within  the  past 
few  years  has  this  difficulty  been  largely  overcome,  and  at  present, 
with  proper  precautions,  the  gases  from  probably  any  furnace  can  be 
filtered  and  the  fume  recovered.  In  a  modem  lead-smelting  plant 
there  may  be  employed  in  the  reduction  of  the  ores  ( 1 )  Huntington 
&  Heberlein  pot  roasters,  (2)  Dwight-Lloyd  straight-line  sintering 
machines,  (3)  Wedge  multiple-hearth  furnaces,  (4)  Godfrey  roasting 
furnaces,  and  (5)  lead  blast  furnaces.  At  some  of  the  plants  there 
are  still  in  operation  a  number  of  older  style  roasting  furnaces,  such 
as  (6)  the  hand  roasting  reverberatory  furnace,  and  (7)  the  Bopp 
^-line  mechanical  furnace. 

DIFFICULTIES  WITH  DIFFERENT  GASES. 

Gases  from  hand  roasting  furnaces  caused  most  trouble  in  fume 
filtering,  for  they  contained  not  only  a  relatively  large  percentage  of 
sulphur  trioxide,  but  also  finely  divided  carbon,  and  hydrocarbons, 
products  of  the  coal  firing,  which  in  the  bag  house  gave  much  trouble 
from  spontaneous  combustion.  The  gases  from  the  pot  roasters  do 
not  present  any  great  difficulty.  The  gases  from  the  Dwight-Lloyd 
down-draft  sintering  machines  do  not  contain  a  large  percentage  of 
sulphur  trioxide,  but  contain  considerable  free  sulphur,  which  in  a 
number  of  instances  recently  has  caused  rather  serious  trouble  in  bag 
houses  attempting  to  filter  the  smoke  stream  from  this  type  of  fur- 
nace. This  sulphur  is  apt  to  take  6re  at  some  point  in  the  flue  and 
slowly  bum  to  the  bag  house  with  disastrous  results. 

Before  fume  can  be  filtered  from  smoke  by  means  of  woolen  or 
cotton  fabric  the  smoke  must  be  cooled  below  a  certain  temperature 
and  any  sulphuric  acid  in  the  smoke  must  be  removed  or  neu- 
tralized. It  was  foimd  in  the  metallurgy  of  zinc  that  zinc  fume 
could  be  filtered  with  impunity  under  almost  any  conditions  for  the 
reason  that  zinc  oxide  would  readily  combine  with  sulphuric  acid 
wh^i  the  fume  was  properly  cooled,  as  the  zinc  sulphate  thus  formed 
was  not  harmful  to  the  bags.  This  principle  is  applied  in  the 
Sprague  process,  in  which  zinc  oxide  fume  obtained  by  roasting  zinc 
sulphide  (sphalerite)  concentrate  on  a  grate  furnace  with  crushed 
coal,  is  permitted  to  mingle  with  the  smoke  stream  in  the  flues  before 
the  bag  house  is  reached.  As  the  process  is  somewhat  expensive, 
part  of  the  zinc  may  be  replaced  by  finely  powdered  slaked  lime, 
whidi  is  blown  into  the  flues  in  a  suitable  manner. 

GONSTKUCnON  OF  BAG  HOUSE. 

The  bag  house  consists  essentially  of  two  chambers,  the  lower  or 
dust  chamber  being  12  to  16  feet  from  floor  to  ceiling,  the  upper  or 
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bag  compartment  being  30  to  40  feet  in  height.  The  walls  and  parti- 
tions are  usually  of  brick,  properly  buttressed  or  held  together  by 
tie  rods.  The  dust  chamber  or  smoke  cellar  is  divided  by  brick 
partitions  into  as  many  compartments  (called  bays)  as  there  are 
flues  leading  to  the  bag  house^  thus  enabling  a  part  of  the  bag  house 
to  be  shut  down  for  cleaning  out  the  collected  fume  without  inter- 
fering with  the  rest  of  the  house.  The  ceiling  of  the  smoke  cellar  is 
made  of  iron  or  steel  plate  and  is  provided  with  a  number  of  thimbles 
or  rings  projecting  into  the  bag  compartment.  From  the  supports 
near  the  top  of  the  building  cotton  or  woolen  bags  are  hun^,  and 
the  lower  ends  of  the  bags  are  tied  to  the  thimbles  by  means  of  twine, 
wire,  or  hoop  bands  provided  with  strap  clamps.  Each  compartment 
of  the  bag  house  has  a  stack  to  carry  the  filtered  gases  some  distance 
into  the  air.  Fans  capable  of  moving  150,000  to  250,000  cubic  feet 
of  gas  per  minute  force  the  smoke  stream  with  its  fume  and  fine  flue 
dust  through  a  number  of  large  conduits  into  the  smoke  cellars  and 
through  the  bags,  the  solids  being  removed  so  perfectly  that  the 
discharge  from  the  stacks  is  invisible. 

NUMBER  OF   BAGS  FBOVIDED. 

The  ordinary  bag  house  is  provided  with  3,000  to  4,000  bags,  each 
bag  being  about  18  inches  in  diameter  and  30  to  33  feet  long.  It  is 
usual  to  provide  300  to  500  square  feet  of  filtering  area  for  every 
ton  of  charge  smelted  in  the  blast  furnace,  or  about  3.42  square 
feet  per  cubic  foot  of  smoke  stream  per  minute,  2.5  square  feet  of 
filtering  area  being  considered  the  minimum  surface  per  cubic  foot 
of  smoke  stream  per  minute  that  is  permissible,  although  as  little  as 
1.14  square  feet  has  been  suggested.  At  the  Midvale  smelter  in 
Utah,  25,000  square  feet  of  filtering  surface  per  ton  of  fume  col- 
lected  per  day  is  provided. 

MATERIAL    USED    IN    BAGS. 

As  a  filtering  medium,  cotton  cloth  having  42  to  50  threads  to  the 
linear  inch  and  weighing  0.4  to  0.7  ounce  per  square  foot  was  largely 
used.  The  objection  to  this  material  is  that  at  a  temperature  of 
about  200°  F.  it  becomes  brittle  and  breaks,  and  if  used  at  tempera- 
tures of  about  100°  F.  it  becomes  much  weakened  by  ^e  acid  sub- 
stances in  the  filtered  fume.  Woolen  material  withstands  the  action 
of  the  higher  temperature  as  well  as  the  influence  of  the  corrosive 
substances  in  the  fume.  It  will  retain  its  elasticity  even  when  used 
at  temperatures  of  250°  to  270°  F.  In  modern  practice,  therefore,  it 
is  cheaper  in  the  end  to  use  the  more  expensive  woolen  bags  than  the 
cotton  ones.  Eecent  experience  has  shown  that  vegetable  fibers 
should  not  be  used  at  all ;  even  linen  thread  for  stitching  is  not  satis- 
factory. At  the  Murray  plant  near  Salt  Lake  City,  Utah,  cotton  bags 
lasted  17  months  and  cost  $2.15  each.    These  have  been  replaced  by 
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woolen  bags  which  have  been  in  use  for  over  three  years  and  will 
probably  last  four  years;  they  cost  $4.72  each. 

In  the  lead  smelter  at  Pertusola,  Italy,  lead  fume  is  recovered  by 
filtering  the  smoke  stream  through  frames  filled  with  several  verti- 
cally stretched  layers  of  asbestos  thread.     These  frames  are  placed 
in  the  dust  chamber  through  which  the  smoke  stream  is  forced  by 
fans.     The  collected  fume  is  dislodged  from  the  filter  frames  by 
releasing  the  tension  on  the  thread  and  vibrating  the  frames.    This 
method  is  known  as 
the  Louis  B.  Fiechter 
system.    It  is  evident 
that  this  filtering  ma- 
terial is  proof  against 
acid   and   high   tem- 
perature, and  may  be 
applicable    particu- 
larly for  copper 
smelting  conditions. 

Experiments  in 
Utah  indicated  that 
woven  asbestic  fab- 
rics are  unsuitable  to 
filtering,  as  they  soon 
become  clogged,  but 
the  frames  with 
thread  in  tension  are 
not  open  to  this  ob- 
jection. "With  woolen 
bags  a  wide  range  of 
temperature  of  the 
smoke  stream  is  per- 
missible.    About  150°         •"•=""  ^  ~*'"'^^^;"^  '^ld^^2T^  arnrngemeDt  at . 

to  175°  F.  is  safest, 

but  a  minimum  of  70°  F.  and  a  maximum  of  270°  F.  have  been  used. 
When  the  temperature  is  low  there  may  he  trouble  from  the  con- 
densation of  water  vapor  and  an  increased  corrosion  from  the  acid 
that  is  formed.  The  higher  temperatures  are  apt  to  start  spontaneous 
combustion  of  the  fume  or  lead  to  a  scorching  of  the  bags.  The  best 
practice  is  to  so  adjust  dampers  at  the  furnaces  and  in  the  flues  as  to 
maintain  a  temperature  of  about  160°  F.  in  the  bag  house.  Under 
diese  conditiozis  the  material  collected  in  the  hag  house  will  be  dry 
arid  filtration  can  go  on  rapidly.  At  Murray,  Utah,  the  gases  enter- 
ing tiie  bag  hoiise  have  a  temperature  ranging  from  about  80°  to 
tS5°  "F.  dependent  on  the  season  of  the  year.  The  placing  of  limits 
of  temperature  on  the  smoke  stream  to  be  filtered  makes  it  necessary 
to  have  a  flue  system  under  close  control.    Figure  3  sketches  the  flue 
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system  and  bag  house  arrangement  at  a  western  plant.  To  permit 
settling  of  dust  and  proper  cooling  of  the  smoke  stream,  the  usual 
length  of  flue  between  furnaces  and  bag  house  is  1,000  to  1,800  feet. 

PROPER    BAG-SHAKING    DEVICE    ESSENTIAL. 

An  important  item  in  bag-house  operation  is  the  means  adopted 
for  shaking  the  bags  to  dislodge  the  fume  caught,  so  that  it  may 
fall  into  the  smoke  cellars.  The  most  satisfactory  device  is  the 
£fystem  in  which  the  bags  are  suspended  from  short  levers  attached 
to  a  central  shaft.  The  outer  end  of  this  shaft  projects  beyond 
the  wall  and  is  provided  with  a  large  lever,  so  that  when  this  is 
moved  to  and  fro  the  tops  of  the  bags  are  given  a  similar  motion 
and  a  wave  motion  is  imparted  to  the  bags  as  a  whole.  Bags  are 
shaken  usually  once  every  24  hours.  Before  the  shaking  commences, 
the  dampers  leading  into  the  bay  from  the  flue  are  closed. 

METHODS  OF  HANDLING  BAG-HOUSE  PRODUCTS. 

The  bag-house  fume  collected  in  the  smoke  cellars  usually  has  a 
black  or  dark-gray  color  (this  refers  to  lead-blast  furnace  fume),  is 
rather  light  in  weight,  and  is  difficult  to  handle  in  its  original  state. 
When  the  fume  has  accumulated  to  the  depth  of  about  24  inches,  the 
compartment  or  bay  is  closed  off  from  the  distributing  flue  and  the 
cellar  doors  are  opened,  as  are  also  the  valves  connecting  with  the 
return  flue  which  leads  back  to  the  main  flue  by  means  of  the  fan. 
Then  the  fume  is  ignited  by  throwing  hot  coals  all  over  its  surface. 
As  the  fume  burns  some  fresh  fume  is  evolved  from  it  and  is  drawn 
through  the  return  flue  by  means  of  the  fan  and  forced  again  into 
another  part  of  the  bag  house.  The  fume  on  the  floor  of  the  cellar 
burns  slowly,  like  punk,  and  gradually  sinters  to  a  product  resem- 
bling soft  lava,  losing  some  arsenic  and  sulphur.  The  sintering  is 
completed  in  about  five  or  six  days.  The  sintered  fume  is  removed 
when  cool  by  laborers  using  wheelbarrows  and  shovels.  This  work, 
however,  is  always  dangerous  and  unhealthful,  and  in  the  more 
modem  plants  efforts  are  made  to  handle  the  fume  automatically. 
At  the  Murray  plant  the  smoke  cellars  are  somewhat  raised  and  the 
bottom  terminates  in  a  long  hopper  in  which  a  screw  conveyor  pushes 
the  fume  and  dust  to  the  front  of  the  bag  house,  where  it  is  auto- 
matically discharged  into  cars.  The  bag  house  of  the  Mammoth  com- 
pany at  Kennet,  Cal.,  has  20  pyramid-shaped  hoppers  imder  the 
thimble  floor.  In  these  hoppers  are  small  circular  gates  through 
which  the  dust  is  drawn  into  cars.  The  dry  fume  while  being  drawn 
off  was  so  annoying  to  the  workmen  that  the  hoppers  are  now  pro- 
vided with  nipples  that  project  into  wooden  troughs  filled  with  water 
so  that  the  fume  discharges  into  water,  which  is  drawn  into  tank% 
where  the  fume  settles. 


BECOVEBY  OF  FLUE  DUST  AND  FUME.  49 

All  fume  is  not  combustible,  like  the  fume  produced  under  the 
reducing  conditions  obtaining  in  the  lead  blast  furnace.  The  fume 
from  copper  blast  furnaces  and  from  converters  is  already  thoroughly 
oxidized  and  on  account  of  its  fluffy  character  gives  much  more 
trouble  in  handling  than  the  lead  blast-furnace  fume,  which  can  be 
sintered  as  described.  Lead  blast-furnace  fume,  after  sintering,  is 
sent  to  the  arsenic  refinery,  where  it  is  heated  and  the  arsenic  vola- 
tilized as  arsenious  oxide  and  again  sublimed.  The  residue  from  this 
treatment  contains  considerable  lead  and  some  silver  and  gold  and  is 
usually  sent  back  to  the  blast  furnace  to  be  resmelted. 

RELATION  OF  BAG  HOUSE  TO  HEALTH  OF  WORKMEN. 

The  labor  question  in  bag-house  management  is  somewhat  serious, 
for  the  work  is  dangerous  to  health.  The  men  employed  should  be 
intelligent  and  have  the  greatest  regard  for  thorough  cleanliness. 
Heavy  clothing,  consisting  of  heavy  underwear,  socks,  overalls, 
jumper,  cap,  gloves,  and  shoes,  should  be  worn.  Formerly,  rubber 
coats,  gloves,  and  hats  were  used,  but  have  now  been  discarded.  A 
specially  designed  change  house,  divided  into  three  parts,  should  be 
used.  When  the  men  leave  their  work,  they  go  to  the  third  part,  re- 
move their  heavy  clothing,  and  hang  it  where  it  can  be  thoroughly 
aired.  They  then  pass  to  the  washroom  and  bathe  from  head  to  foot, 
using  plenty  of  soap  and  hot  water.  They  next  go  to  the  locker  room 
where  they  resume  their  ordinary  clothing.  The  greatest  care  is 
desirable.  When  eating  at  the  works  workmen  should  always  wash 
their  hands  thoroughly  and  be  careful  not  to  bring  food  in  con- 
tact with  their  clothing  or  anything  that  has  been  exposed  to  the 
fume.  With  these  precautions,  men  rarely  suffer  injury  from  the 
handling  of  fume.  The  same  precautions  apply  to  work  in  the 
arsenic  refineries.  Arsenic,  aside  from  the  dangers  of  its  ingestion, 
will  produce  chronic  sores  on  the  skin  and  mucous  membranes.  A 
mixture  of  ferric  hydroxide,  lanolin,  and  some  vaseline  is  a  good 
ointment  for  the  face  and  other  exposed  parts  and  affords  consider- 
able protection. 

BAG  HOUSE  AT  MURRAY,  UTAH. 

Figure  4  shows  elevations  and  sections  of  the  bag  house  at  Murray, 
Utah.  The  main  flue  coming  from  the  furnaces  is  shown  at  a; 
h  represents  the  fan  house,  containing  an  exhaust  fan  with  a  capacity 
of  225,000  cubic  feet  of  gas  per  minute  at  a  pressure  of  1  inch  of 
water.  The  fan  is  driven  by  a  75-horsepower  motor  capable  of  mak- 
ing 150  revolutions  per  minute.  Pressure  in  the  distributing  flue  c 
leading  to  the  bag  house  is  usually  about  0.5  to  0.75  inch  of  water, 

57570*— BuU.  84—15 4 


50  METALLUBQICAL  SMOKE. 

which  represents  the  resistance  of  the  bags  to  the  ptissage  of  gases. 
The  outside  dimensions  of  the  bag  house  are  216.5  by  90.5  feet.  The 
height  to  roof  trusses  is  51.5  feet. 

The  house  is  built  of  brick,  the  outside  wall  being  21  inches  thick 
for  a  height  of  16  feet,  then  reduced  to  17  inches  for  18  feet,  and  to 
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FiocBD  4. — Elevations  and  BeetlonB  ot  bag  bouse  of  amelter  at  Murray,  Utah. 

13  inches  for  the  remaining  height.  Forty-eight  brick  buttresses  dy 
projecting  i  feet  at  the  floor  line  and  tapering  to  about  1  foot  at 
the  roof-truss  line,  are  built  into  the  walls  to  stiffen  them.  There 
are  17  buttresses  on  each  side  and  7  on  each  end.  The  bag  house  is 
completely  divided  into  four  compartments,  or  bays,  by  brick  par- 
titions running  from  the  floor  line  to  the  apez  of  the  roof.    Below 
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the  thimble  floor  e  each  oompartment  is  divided  into  four  chambers 
or  smoke  cellars  by  brick  partitions.  Each  cellar  is  87  by  12  feet 
in  area  and  has  a  4  by  8  foot  iron  door,  /,  through  which  the  fume 
is  removed.  The  distributing  flue  c  is  10  by  16  feet  in  section,  extends 
the  entire  length  of  the  bag  house,  and  connects  with  each  of  the 
16  cellars  by  means  of  a  42-inch  hinged  damper,  g^  opening  outward 
into  the  distributing  flue  c.  On  top  of  this  distributing  flue  is  the 
return  flue  A,  extending  the  entire  length  of  the  bag  house  and  con- 
nected with  each  cellar  by  means  of  a  34-inch  damper,  i.  The  damp- 
ers open  outward  into  the  cellars.  The  return  flue  is  connected 
with  the  main  flue  a,  behind  the  fan,  by  means  of  a  6- foot  sheet-iron 
downtake,  ;,  and  when  the  fimie  in  any  cellar  is  being  sintered,  the 
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FiouBB  5. — Shaking  device  and  two  methods  of  hanging  hags  in  hag  house  at  Murray, 

Utah. 

valve  g  from  the  distributing  flue  is  closed  and  the  valve  i  is  open, 
so  that  the  path  is  clear  through  the  return  flue  h  and  through  )  to 
the  main  flue  a.    At  the  same  time  the  cellar  door  /  is  open. 

The  thimble  floor  e  is  divided  into  four  compartments,  each  con- 
taining 1,008  steel  thimbles,  17  inches  in  diameter  and  10  inches  high. 
The  thimbles  are  riveted  to  the  steel  floor.  The  bags,  which  are  30 
feet  long  and  18  inches  in  diameter,  and  number  4,032  in  the  four 
compartments,  are  hung  in  one  of  the  two  ways  shown  in  figure  5. 
This  figure  also  illustrates  the  shaking  device  employed.  At  the 
bottom  the  bags  are  tied  to  the  thimbles  by  means  of  wires.  Figure 
6  shows  the  fan  house  in  some  detail.  The  gases  are  drawn  from 
the  main  flue  a  through  the  fan  x  and  discharged  into  the  distrib- 
uting flue  c.  The  bag  house  provides  570,012  feet  of  filtering  area 
and  filters  165,000  cubic  feet  of  gas  per  minute,  or  at  the  rate  of  3.45 
square  feet  of  surface  per  cubic  foot  of  gas.  With  one  compartment, 
or  four  cellars,  shut  down  for  sintering  fume,  there  is  available  2.59 
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square  feet  of  filtering  surface  per  cubic  foot  of  gas  per  minute. 
This  bag  house  was  constructed  in  1906  and  cost  $127,195. 


BAO  HOUSES  AT  TOOELE,  UTAH. 


Two  bag  houses  were  recently  constructed  at  the  International 
plant  at  Tooele,  Utah.  Their  construction  in  general  is  similar  to 
that  of  the  bag  house  just  described.  One  of  the  bag  houses  contains 
960  woolen  bags  31  feet  high  and  18  inches  in  diameter  and  is  used 


Fiausa  6. — Detail!  of  tan  house  at  Marraj,  Ctsh. 

to  filter  fume  from  the  converters  operating  on  lead-copper  mattes. 
The  other  bag  house  contains  1,440  bags,  some  of  wool  and  some  of 
cotton  fabric,  and  serves  to  filter  the  fume  from  the  lead  blast  furnaces. 
Figure  7  shows  a  cross  section  of  one  of  these  bag  houses.  The  gas 
is  discharged  by  a  No.  20  Sirrocco  fan,  with  a  minimum  capacity  of 
180,000  cubic  feet  per  minute,  into  the  brick  distributing  flue  o, 
whence  it  passes  through  disk  valves,  b,  into  each  of  the  eight  smoke 
cellars  c,  and  thence  through  the  thimbles  in  a  thimble  floor,  d,  into 
the  bags  e,  where  the  fume  is  filtered  out,  whence  the  clear  gas  escapes 
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by  means  of  a  flue  in  the  top  of  the  bag  house,  shown  in  the  section 
as  a  semicircle,  x^  to  the  chimney,  150  feet  high  and  15  feet  in  diame- 
ter. The  manner  of  hanging  the  bags  and  an  auxiliary  shaking 
derice  for  the  bags  to  dislodge  the  fume  is  shown  in  figure  8. 
Usually,  however,  the  shaking  of  the  bags  is  accomplished  by  what  is 
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known  as  the  reverse-current  system.  This  comprises  a  small  aux- 
iliary flue,  ff  (fig.  9),  directly  over  the  main  flue  a  and  arranged  with 
openings  into  the  smoke  cellars.  These  openings  are  controlled  by 
the  disk  valves  /.  One  end  of  this  auxiliary  flue  is  connected  with  the 
intake  or  suction  of  a  No.  4^  Sirrocco  fan,  the  discharge  from  which 
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passes  back  into  the  main  flue.  When  the  bags  are  to  be  shaken 
the  disk  valve  b  is  closed  and  the  valve  /  is  open.  This  takes  the 
pressure  from  the  bags  as  the  valve  b  shuts  off  the  cotmection  with 
the  pressure  discharge  of  the  main  fan  and  the  valve  /  opens  to  the 
suction  of  the  small  fan  mentioned.  Hence  the  bags  collapse  and 
discharge  their  fume.  By  repeating  the  closing  and  opening  of 
valves  (  and  /  a  number  of  times,  all  the  fume  is  readily  dislodged. 
The  valves  are  usually  so  operated  once  every  eight  hours. 

Figure  9  shows  the  valve  arrangement  of  the  reverse-current  bag- 
shaking  system  somewhat  more  in  detail.    At  the  Tooele  plant  the 
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FionBi  8. — Method  o(  bingliig  boo*  at  Toael«,  UUh. 

smoke  from  the  Dwight-Lloyd  sintering  machines,  which  roast  finely 
crushed  lead  sulphide  ores,  was  formerly  sent  to  the  bag  house. 
However,  the  elemental  sulphur  in  fume  from  the  sintering  machines 
caused  much  trouble  by  setting  fire  to  the  bags.  This  practice  has 
therefore  been  discontinued  until  a  solution  of  the  problem  can  be 
reached. 


BAO-HOUSE  FRACnCG  AT  PIWkNT  AT  UmVAI^  UTAH.  - 

At  the  smelting  plant  at  Midvale,  Utah,  methods  were  developed  to 
filter  all  smelter  smoke  arising  from  a  lead  smelting  plant,  including 
that  from  blast  furnaces,  hand  roasting  reverberatories,  Dwight- 
Lloyd  sintering  machines,  Wedge  mechanical  furnaces  and  pot 
roasters.  The  plant  employs  what  is  known  as  the  Sprague  process 
for  neutralizing  the  sulphuric  acid  content  of  the  smoke. 

Figure  10  shows  a  sketch  of  the  smoke-filtering  plant  at  this  smel- 
ter. There  are  two  bag  houses,  one  (e)'for  blast-furnace  smoke,  and 
one  (/)  for  the  smoke  from  the  roasting  furnaces.    Together  they 
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contain  about  3^60  bags,  each  33  feet  long  and  18  inches  in  diameter. 
The  filtering  surface  is  about  560,000  square  feet,  and  350,000  cubic 
feet  of  gas  per  minute  is  filtered.  About  20  tons  of  fume  is  produced 
daily.  The  bag-house  cellars  terminate  in  hoppers  as  already  de- 
scribed. The  fan  c  takes  the  smoke  from  the  blast-furnace  flue  a  and 
discharges  it  into  the  distributing  flue  d^  whence  it  passes  through 
the  cooling  chambers  and  pipes  d^  and  through  the  bag  house  e.  At 
the  fan  c  there  is  a  small  lime  feeder,  &,  which  consists  of  a  screw 
conveyor  feeding  lime  into  a  hopper  at  the  discharge  end  of  which 
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SECTIONAL  SLEVATIOir 
-Revene-cnrrent  shaking  system  used  In  bag  house  at  Tooele,  Utah. 


is  a  push  plate  which  pushes  the  finely  crushed  slacked  lime  into  the 
fan  housing,  where  the  suction  of  the  fan  causes  it  to  mix  thoroughly 
with  the  smoke  and  neutralize  the  sulphuric  acid.  The  fan  h  draws 
on  the  flues  j  coming  from  the  Wedge  furnaces,  on  the  flue  k  coming 
from  the  pot  roasters  2,  and  on  the  flue  m  coming  from  the  D  wight- 
Lloyd  sintering  machines  ;,  forcing  the  smoke  through  the  cooling 
chambers  and  pipes  g'  and  then  through  the  distributing  flue  g  into 
the  bag  house  /. 

At  p  are  situated  five  small  grate  furnaces,  on  which  crushed  zinc 
sulphide  ore  or  sphalerite  concentrate  mixed  with  coal  is  burnt  by 
blowing  air  through  the  grate.    The  zinc  oxide  vapor  arising  from 
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these  furnaces  is  conducted  by  pipes  to  the  flue  o  carrying  the  smoke 
from  the  Dwight-Uoyd  sintering  machines  to  the  flue  m.  The 
volume  of  zinc  vapor  admitted  to  each  flue  is  controlled  by  the  plug 
valve  n.  At  the  end  of  the  flue  3,  coming  from  the  Wedge  furnaces 
T,  is  a  small  fan,  s,  connected  with  a  lime  feeder.  At  this  point 
finely  slacked  lime  is  blown  into  the  flue.    At  t  lime  is  blown  into  the 
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flue  k  from  the  pot  roasters  and  at  i  into  the  fan  A.  It  is  apparent 
therefore  that  for  the  roaster  gases  neutralization  is  effected  by  use 
of  both  zinc  and  lime.  Thorough  neutralization  of  these  gases  is 
essential,  and  it  is  stated  that  about  3,000  pounds  of  sulphuric  acid 
is  neutralized  daily. 

The  quantity  of  zinc  and  lime  fed  is  controlled  by  taking  daily 
samples  of  the  fume  from  the  bag  houses  and  determining  their  alka- 
linity.   A  certain  excess  of  alkalinity  is  always  carried  to  insure  the 
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neutralization  of  all  acid.  Although  lime  is  fed  also  to  the  blast- 
furnace system,  the  measure  is  largely  precautionary  and  not  abso- 
lutely necessary.  Zinc  oxide  is  much  more  effective  as  a  neutralizer 
than  slacked  lime,  but  on  account  of  its  expense  is  replaced  in  part 
by  lime,  which  on  the  whole  is  efficient.  In  the  absence  of  water,  lime 
is  not  acted  upon  by  sulphur  dioxide  gas  to  form  sulphites,  so  that 
it  need  only  be  added  in  certain  small  excess  over  the  percentage 
required  for  the  neutralizing  of  the  sulphur  trioxide. 

The  Midvale  plant  is  remarkable  in  the  appearance  of  its  stacks 
while  in  operation.  There  is  no  visible  discharge  from  any  stack  of 
the  plant,  and  at  first  sight  the  plant  appears  shut  down.  It  is  a 
shining  example  of  what  may  be  accomplished  in  this  direction. 

BAG  HOUSE  AT  KENNET,  GAL. 

The  plant  of  the  Mammoth  Smelting  Co.  at  Kennet,  Cal.,  is  the 
only  copper-smelting  plant  in  the  United  States  to  which  the  bag 
house  has  been  applied. 

The  smoke  arising  from  copper  blast  furnaces  and  converters 
is  filtered  in  a  bag  house  210  feet  long  and  63  feet  wide,  and  with 
a  main  chamber  40  feet  high,  containing  2,960  woolen  bags,  each 
34.5  feet  long  and  18  inches  in  diameter.  The  smoke  enters  the  bag 
house  at  about  203^  F.  and  the  volume  filtered  is  approximately 
850,000  cubic  feet  per  minute,  which  includes  70,000  to  150,000  cubic 
feet  of  cooling  air  drawn  from  the  outside  atmosphere,  the  amount 
depending  upon  the  temperature.  The  gas  comes  from  three  blast 
furnaces  and  two  converters.  The  furnaces  smelt  about  1,000  tons 
per  day.  Figure  11  presents  a  plan  and  elevation  of  the  flue  system 
and  bag  house. 

ABBANGEMENT  OF  FLUE  SYSTEM. 

The  gases  from  the  furnaces  and  converters  go  through  two  long 
brick  flues  and  dust  chambers,  a,  parallel  to  the  line  of  blast  furnaces, 
into  four  steel  pipes,  (,  each  8  feet  in  diameter,  into  a  collecting  cham- 
ber, {?,  42  feet  wide  and  15  feet  high,  which  contracts  at  one  end  and 
discharges  into  a  steel  flue,  d^  15  by  15  feet  in  section.  This  flue  leads 
to  two  11-foot  Sirrocco  fans,  which  force  the  smoke  each  by  an  8-foot 
flue,  ^,  into  the  fan  discharge  chamber  /,  which  is  20  by  15  feet  in 
section  and  160  feet  long.  In  the  main  flue  d  there  is  vacuum  of  1.7 
inches  of  water,  whereas  in  the  fan  discharge  chamber  /  there  is  a 
pressure  of  about  3  inches.  At  the  discharge  of  each  fan  is  a  device 
for  feeding  lime  to  the  smoke  stream  similar  to  that  described  for 
the  plant  at  Midvale.  The  pipes  e  are  provided  with  dampers  so  as 
to  regulate  the  amount  of  smoke  handled  by  each  fan.  From  the 
discharge  chamber  /  the  gases  pass  through  a  system  of  eight  4-foot 
cooling  pipes,  g^  each  about  200  feet  long  and  of  a  U  shape.    Each 
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pipe  is  provided  with  a  butterfly  valve.  The  cooling  pipes  discharge 
into  the  bag-house  distributing  chamber  h,  13  by  14  feet  in  section 
and  210  feet  long,  into  which  a  separate  fan  blows  the  necessary 
volume  of  cooling  air.  The  distributing  chamber  A  discharges 
through  short  pipes  into  the  smoke  cellars  of  the  bag  hou8& 


^  3 


NEUTRALIZATION  OF  BDLPHITB  TBIOXIDE  IN  FUME. 

The  filtering  of  gases  from  copper-blast  furnaces  and  converters 
would  not  be  possible  without  a  neutralization  of  the  sulphur  trioxide 
content.  The  blast-furnace  charge  in  this  particular  instance  con- 
tains a  considerable  amount  of  zinc  which  under  the  oxidizing  condi- 
tions of  smelting  is  vaporized  in  part,  with  the  formation  of  oxide 
of  zinc  This  most  efficiently  neutralizes  the  sulphur  trioxide  formed. 
Therefore  the  addition  of  extraneous  zinc,  as  is  done  at  Midvale,  is 
not  necessary.    The  addition  of  lime  at  the  fans  is  said  to  be  reoUy 
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not  necessary,  but  is  added  as  a  precautionary  measure.  The  bag 
house  differs  from  others  in  the  construction  of  hoppers  under  the 
cellars  to  facilitate  the  discharge  of  fume.  The  manner  in  which 
this  is  done  has  already  been  described  on  page  55.  The  fume  pro- 
duced is  thoroughly  oxidized  and  will  not  bum.  About  16  to  18 
tons  is  produced  daily,  in  1913  a  large  pile  of  it  had  accumulated  in 
the  yards  of  the  company,  no  method  having  been  devised  for 
its  economic  treatment  and  the  recovery  of  the  metals  contained 
therein.  Table  3  indicates  that  its  composition  is  essentially  differ- 
ent from  that  of  lead-furnace  fume,  in  that  the  lead  and  arsenic 
contents  are  low  and  the  zinc  content  is  high.  The  bag  house  at 
this  plant  was  installed  to  conform  to  court  decrees  that  sulphuric 
acid  should  be  practically  absent  from  the  smoke  and  that  the  sul- 
phur dioxide  should  be  reduced  to  less  than  0.75  per  cent.  The  bag 
house  of  course  has  no  bearing  on  the  sulphur-dioxide  content  men- 
tioned, which  is  obtained  by  diluting  the  gases  with  air  as  described. 
The  bag  house  has  five  large,  low,  wooden  stacks  for  the  discharge 
of  the  filtered  gases.  Each  of  these  stacks  is  21  feet  square.  The 
idea  of  the  low  stacks  with  such  large  cross  section  is  to  thoroughly 
diffuse  the  gases  from  the  bag  house,  and  to  aid  in  this  result  addi- 
tional air  is  admitted  to  the  bag  house. 

THE  ELECTRICAL  PRECIPrrATION  OF  FUME. 
GEinEBAL  PRINCIPLES  OF  ELECTBICAL  PBECIFITATION. 

The  precipitation  of  suspended  matter,  whether  in  gases  or  liquids, 
may  be  accelerated  by  electricity  in  the  form  of  either  direct  or  alter- 
nating current.  Where  an  alternating  current  is  applied  the  action 
consists  for  the  most  part  in  an  agglomeration  of  the  suspended  par- 
ticles into  larger  aggregates  and  a  consequent  more  rapid  settling  of 
these  aggregates  under  the  influence  of  gravity.  The  application  of 
the  alternating  current,  however,  is  effective  only  when  the  masses 
of  gas  or  liquid  to  be  treated  are  fairly  quiescent  and  a  simple  ag- 
glomeration of  the  suspended  particles  into  larger  aggregates  is  suffi- 
cient to  effect  separation  by  gravity.  As  regards  large  volumes  of 
rapidly  moving  gas^  such  as  occur  in  smelter  flues,  the  agglomera- 
tion and  settling  process  induced  by  the  alternating  current  is  too 
slow,  even  when  the  flues  are  expanded  into  large  dust  chambers. 
Consequently  the  application  of  the  direct  current,  the  action  of 
which  is  quite  different  from  that  of  the  alternating  current,  is 
necessary. 

USE  OF  DIBECT  ELECTRIC   CURRENT. 

If  a  needle  point  connected  to  one  side  of  a  high-potential  direct- 
current  line  be  brought  opposite  a  flat  plate  connected  to  the  other 
side  of  the  line  the  air  space  between  becomes  highly  charged  with 
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electricity  of  the  same  sign  as  the  needle  point,  irrespective  of 
whether  this  is  positive  or  negative.  Any  insulated  body  brought 
into  this  space  instantly  receives  a  charge  of  the  same  sign.  If  this 
body  is  free  to  move  as  is  a  floating  particle,  it  is  attracted  to  the  plate 
of  opposite  charge  and  will  move  at  a  rate  proportional  to  its  charge 
and  the  potential  gradient  between  the  point  and  the  plate.  Even  if 
there  are  no  visible  suspended  particles,  the  gas  molecules  themselves 
undergo  this  same  process,  as  is  evidenced  by  a  strong  wind  from 
the  point  to  the  plate,  even  in  perfectly  transparent  gases.  The 
familiar  experiment  of  blowing  out  a  candle  flame  by  presenting  it 
to  such  a  charged  point  is  another  illustration  of  the  same  phe- 
nomenon. The  gas  is  ionized  ^  and  some  of  the  ions  collect  upon  the 
solid  particles,  thereby  charging  them  electrically.  As  the  charged 
particles  are  within  a  strong  electric  field  of  constant  polarity,  they 
are  driven  to  the  collecting  electrodes. 

An  alternating  current  of  high  potential  or  voltage  is  easily  ob- 
tained, but  the  obtaining  of  a  high-potential  direct  current  is  more 
difficult.  Generators  that  furnish  direct  current  at  high  potential 
are  not  built  commercially,  as  they  are  impracticable.  Therefore  to 
obtain  high-potential  direct  current  a  common  custom  is  to  take 
alternating  current  of  any  voltage  available  on  a  commercial  line, 
transform  it  in  stationary  transformers  to  whatever  voltage  is  desired 
(from  15,000  to  50,000  volts),  and  then  obtain  an  intermittent  direct 
current  by  means  of  a  special  rotary  contact  maker  driven  by  a  syn- 
chronous motor.  The  electrodes  or  terminals  of  the  current  employed 
are  of  two  types,  the  first  corresponding  to  the  plate  to  which  the 
particles  are  driven,  and  the  second  to  the  point  or  the  discharge 
electrode.  The  plate  electrode  is  usually  made  of  either  iron  or  lead, 
and  presents  no  difficulty  in  construction. 

The  point  electrode,  however,  must  fulfill  special  conditions.  In 
the  early  laboratory  experiments  with  the  process  it  was  found  that 
cotton-covered  copper  wire,  by  reason  of  the  innumerable  fine  points 
presented  by  the  threads  of  the  cotton  insulation,  made  a  desirable 
discharge  electrode.  Under  the  conditions  of  acid  vapors  and  high 
temperature  this  material,  of  course,  can  not  be  used,  but  a  substitute 
was  found  in  asbestos-covered  wire,  or  a  wire  covered  with  mica,  the 
fine  filaments  of  the  one  and  the  scales  of  the  other  supplying  the 
discharge  point  or  edges  of  the  excessive  fineness  required.     The 

«The  ionization  of  a  gas  is  different  from  that  of  an  ordinary  liqoid  electrolyte.  The 
actual  gas  ions  under  the  conditions  of  pressure  and  temperature  existing  in  the  flue  are 
probably  fairly  large  aggregates  or  groups  of  undecomposed  gas  molecules  clustered 
around  electrons  discharged  from  the  corona  of  the  negative  discharge  electrode.  There 
are  also  probably  a  much  smaller  number  of  positively  charged  groups  present,  whose 
initial  positive  charge  may  be  considered  as  due  to  taking  away  a  negative  electron  from 
one  of  the  neutral  gas  molecules. 
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asbestos  or  mica  was  twisted  with  the  wires  or  otherwise  fastened  to 
suitable  Dietallic  supports  in  such  a  way  that  the  current  had  to  pass 
only  a  short  distance  by  surface  leakage  over  them.  The  slight 
deposit  of  moisture  or  acid  fume  naturally  settling  on  them  serve  to 
effect  the  conduction  of  the  current. 


APPLICATION  IN  SULPHUBIO  ACID  PABTINO  PROCESS. 

The  first  of  the  successful  applications  of  the  electrical  precipita- 
tion process  was  to  the  waste  gases  and  vapors  from  the  sulphuric 
acid  parting  process  for  gold-silver  bullion  at  the  Selby  smelter  at 
VaUejo  Junction,  on  San  Francisco  Bay,  Cal.  These  gases,  which 
amount  to  about  5,000  cubic 
feet  per  minute  and  contain 
a  considerable  proportion  of 
sulphuric  acid  in  the  form 
of  a  fine  mist,  are  conducted 
through  a  flue  built  of  sheet 
lead  4  by  4  feet  in  cross 
section.  In  this  flue  (fig.  12) 
are  hung  a  series  of  vertical 
lead  plates,  a,  4  inches  wide, 
4  feet  long,  and  spaced  4 
inches  apart.  Between  each 
pair  of  plates  is  hung  a  lead- 
covered  iron  rod,  &,  carry- 
ing mica  discharge  material. 
These  rods,  which  are  the 
discharge  electrodes,  are  sup- 
ported on  a  grid  work  of  bus 
bars,  0,  extending  above  the  lead  plates  or  collecting  electrodes.  The 
bus-bar  grid  work  is  connected  to  conductors  which  pass  out  through 
the  sides  of  the  flue  to  the  insulators  d.  The  collecting  electrodes  a 
are  in  electric  connection  with  the  lead  sides  of  the  flue,  which,  in 
turn,  is  grounded.  The  current  is  taken  from  the  power  circuit  of  the 
plant  at  460  volts,  60  cycles,  transformed  to  17,000  volts,  and  is  then 
converted  into  an  intermittent  direct  current  by  a  ^chronous  contact 
maker.  The  power  consumption  for  this  installation  is  about  2  kilo- 
watts, which  includes  the  driving  current  for  the  contact  maker. 
The  sulphuric  acid  particles  collect  on  the  lead  plates  and  drip  down 
into  the  flue,  from  which  the  accumulated  acid  is  suitably  discharged. 
The  apparatus  has  been  in  successful  use  for  over  seven  years.  The 
gases  discharged  from  the  stack  to  which  the  lead  flue  leads  are  prac- 
tically free  from  sulphuric  acid* 


FiouRB  12. — Electric-precipitation  apparatus  used 
at  Selby  smelter  at  Vallejo  Junction,  Cal. 
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APPLICATION   AT  A  COPPER  SMELTER. 

The  electrical-precipitation  process  was  applied  on  a  large  scale 
for  the  elimination  of  fume  from  smelter  smoke  at  the  plant  of  the 
Balaklala  Copper  Co.  at  Coram,  Shasta  Comity,  Cal.  This  smelter, 
now  (1914)  shut  down,  daily  treated  about  700  to  1,000  tons  of  copper 
ore  containing  about  3  per  cent  copper  and  over  30  per  cent  sulphur. 
The  largest  part  of  this  ore  was  smelted  in  blast  furnaces,  but  about  10 
per  cent,  or  the  fine  material  in  the  ore,  was  first  roasted  in  four 
McDougal  furnaces  and  then  smelted  in  an  oil-fired  reverberatory 
furnace.  There  were  also  two  converters  for  the  conversion  of  matte 
into  blister  copper.  All  of  these  furnaces  discharged  into  a  common 
flue  18  by  20  feet  in  cross  section.  The  total  volume  of  smoke  was 
250,000  to  500,000  cubic  feet  per  minute,  giving  a  linear  velocity  in 
the  flue  of  10  to  20  feet  per  second.  The  nature  of  the  installation  is 
shown  in  figures  13  and  14.  The  gases  from  the  furnaces  in  flue  a 
(fig.  13)  were  sent  through  nine  precipitating  units,  &,  from  which 
they  passed  to  the  outlet  flue,  c,  then  through  the  two  fans  d  and  out 
through  the  stack  e.  The  gases  entered  the  precipitating  units  at 
100°  to  150**  C.  Ordinarily,  the  fans  were  not  in  operation,  but  when 
the  furnace  charges  were  especially  high  in  sulphur,  it  was  necessary 
to  use  the  fans  in  order  to  draw  in  diluting  air  and  mix  it  with  the 
smoke  stream,  so  that  the  discharge  from  the  stack  would  contain  less 
than  0.75  per  cent  sulphur  dioxide  to  conform  to  a  court  decree. 

Figure  14  represents  a  cross  section  of  one  of  the  precipitating 
imits.  The  collecting  electrodes,  each  6  inches  wide  and  10  feet  high, 
made  of  No.  10  sheet  iron,  are  shown  at  a.  The  discharge  electrodes, 
consisting  of  two  iron-wire  strands,  between  which  was  twisted  the 
discharge  material  for  which  both  asbestos  and  mica  preparations 
were  used  at  this  plant,  are  shown  at  b.  The  collecting  electrodes 
a  were  carried  by  bars,  c,  which  were  connected  directly  to  the  frame 
of  the  chambers  themselves  and  thus  grounded.  The  discharge  elec- 
trodes b  were  spanned  by  springs  d  between  a  system  of  bus  bars,  €, 
which  were  carried  oh  externally  placed  insulators  /.  To  the  aux- 
iliary chamber  g  surrounding  the  insulators  a  small  regulated 
amount  of  air  was  admitted  to  prevent  conductive  dust  or  fume 
from  settling  on  the  insulators  and  thus  causing  a  connection  with 
the  sides  of  the  chamber,  to  which  the  collecting  electrodes  were  con- 
nected. The  cam  and  shaker  rod  A,  which  extended  across  the  middle 
of  the  unit,  was  designed  for  the  purpose  of  shaking  the  collecting 
electrodes  a  to  dislodge  the  accumulated  fume  and  cause  it  to  drop 
into  the  hopper  i.  In  actual  operation  it  was  found  easier  to  re- 
move the  cover  j  after  the  current  had  been  cut  from  the  unit  and 
shake  the  electrodes  by  hand  every  six  or  eight  hours.  The  accu- 
mulated f  lune  in  the  hopper  i  was  removed  by  the  means  of  a  screw 
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conveyor.    In  each  precipitating  unit  there  were  24  rows  of  24  elec- 
trodes of  each  type. 

The  current  used  was  taken  from  a  three-phase  power  circuit  at 
2^00  Yolts,  60  cycles,  which,  after  having  been  transformed  by  sta- 
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tionary  transformers  to  30,000  volts,  was  converted  into  an  intermit- 
tent direct  current  by  10  contact  makers,  driven  by  synchronous 
motors,  one  contact  maker  for  each  unit,  with  an  extra  one  for  use 
in  case  of  accident.  The  amount  of  power  consumed  was  about  120 
kilowatt&    Tests  of  the  apparatus  showed  that  the  process  removed 
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Dearly  dO  per  cent  of  the  total  solids  in  the  smoke  stream.    Ilie 
amount  of  futne  recovered  daily  was  6  to  8  tons. 

One  of  the  most  serious  difficulties  encountered  in  this  installation 
was  the  maintenance  of  the  conductivity  of  the  fine  fibers  of  the  dis- 
charge electrodes.  Under  ordinary  conditions,  smelter  smoke  will 
contain  enough  sulphur  trioxide  or  sulphuric  acid,  which  condenses 
on  the  fibers,  to  make  them  conductive,  but  in  this  instance  the  fur- 
nace charge  contained  a  considerable  quantity  of  zinc  which  formed 
zinc  sulphate.    The  lack  of  sulphuric  acid  greatly  reduces  the  con- 
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ductivity  of  the  fibers.  This  difficulty,  however,  has  been  overcome 
in  recent  work  by  the  use  of  higher  potentials  and  better  designed 
electrodes  by  means  of  which  the  necessity  for  the  fine  discharge 
fibers,  such  as  the  asbestos  and  mica  represented,  has  been  obviated. 

The  Coram  installation  is  not  now  in  operation,  as  the  smelter 
was  closed  in  September,  1911,  for  failure  to  conform  to  a  court  de- 
cree. The  process,  however,  may  be  considered  to  have  been  success- 
fully applied  and  there  is  little  doubt  but  that  with  additional  ex- 
perimentation such  changes  could  have  been  devised  as  would  have 
made  the  process  entirely  successful. 
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RECENT  APPLICATION  IN  COFPEB  BEFININO. 

k.  recent  application  of  the  electrical-precipitation  process  is  an 
installation  at  Perth  Amboy,  N.  J.,  to  the  gases  from  furnaces  smelt- 
ing the  high-grade  residues  or  slimes  from  electrolytic  copper  re- 
fining. The  material  is  high  in  gold  and  silver  contents  and  con- 
tains volatile  constituents,  such  as  tellurium,  selenium,  and  lead, 
and  the  fume  condensed  from  the  gases  contains  appreciable  quan- 
tities of  precious  metal. 

The  process  was  also  applied  experimentally  to  the  smoke  from 
the  copper  converters  at  Garfield,  Utah.  The  matte  converted  at  this 
plant  contains  somewhat  more  lead  than  is  usual  for  copp^er  matte. 
The  lead  is  volatilized  during  the  conversion  and  passes  to  the  smoke. 
The  process  was  applied  to  this  material  successfully  and  in  some- 
what different  form  than  already  described.  The  so-called  "  tubular 
treaters"  were  used.  These  consist  of  a  number  of  pipes,  each  10 
feet  long  and  5  inches  in  diameter,  forming  a  collecting  electrode, 
down  the  center  of  which  passes  the  discharge  electrode  in  the  form 
either  of  single  wires  or  of  a  metal  rod,  with  four  or  more  radial  wings 
of  sheet  metal  to  act  as  the  discharge  edges.  The  pipes  may  be  of 
sheet  lead,  vitrified  tile,  or  wood,  dependent  upon  conditions.  The 
smoke  enters  the  pipes  at  the  bottom,  the  fume  being  precipitated  on 
the  walls  of  the  pipes,  eventually  dropping  into  a  collecting  hopper; 
the  gases  escape.  In  Plate  V,  A  and  5,  is  shown  such  a  tubular  treater 
with  the  current  off  and  with  it  on.  Voltages  up  to  50,000  were 
used.  A  permanent  installation^  for  the  treatment  of  all  the  con- 
verter  smoke  is  now  in  operation. 

SSETHODS  FOB  BEMOVAL  OF  SULPHUB  DIOXIDE  FBOM  SMELTEB 

SMOKE. 

The  effect  of  sulphur  dioxide  has  been  fully  discussed  in  the  pre- 
ceding pages.  Obviously,  if  its  concentration  in  smelter  smoke  dis- 
charged from  chimneys  reaches  a  certain  figure,  the  value  of  which 
at  the  present  time  has  not  been  determined,  the  natural  diffusive 
forces  do  not  act  quickly  enough  to  dilute  the  smoke  stream  to  such 
an  extent  as  to  prevent  all  damage.  The  question  as  to  whether  sul- 
phur dioxide  or  the  solids  and  sulphuric  acid  discharged  as  fume 
are  the  chief  cause  of  damage  has  been  widely  discussed.  There  is, 
however,  no  question  but  that  both  have  caused  damage.  Lead- 
smelting  plants  discharge  gases  that  on  the  whole  are  comparatively 
low  in  sulphur  dioxide,  and  it  is  probable  that  damage  formerly 
caused  by  the  smoke  stream  from  such  plants  was  due  in  large  part 
to  the  solids.    In  copper  smelting  the  sulphur  content  of  the  furnace 

•  See  Howard,  W.  H.,  Electrical  fame  precipitation  at  Garfield :  Trans.  Am.  Inst.  Mln. 
£ng.,  Boll.  92,  1914,  p.  2029. 
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charges  is  much  higher,  and  it  is  probable  that  such  damage  as  has 
been  done  was  largely  due  to  sulphur  dioxide.  Therefore  much  effort 
has  been  directed  toward  finding  methods  for  the  removal  or  destruc- 
tion of  this  substance,  but,  to  the  present  time,  with  little  promise 
of  success.  The  amount  of  sulphur  dioxide  discharged  daily  by  all 
the  smelting  plants  of  the  country  is  enormous,  and  the  utilization 
of  all  of  it  in  some  form,  such  as  sulphuric  acid  or  sulphur,  is  at 
present  not  feasible,  as  the  amount  of  these  substances  produced 
would  many  times  supply  the  possible  market  demand. 

UTILIZATION  OP  SULPHUK  DIOXIDE  AS  BY-PRODUCT  DESIRABLE. 

The  first  thought,  of  course,  that  comes  to  the  engineer,  is  to  transr 
form  this  now  useless  substance  into  some  valuable  by-product,  such 
as  the  sulphuric  acid  or  sulphur  mentioned  above.  The  solution  of 
the  problem  along  these  lines  is  so  influenced  by  local  conditions  that 
no  general  statements  can  safely  be  made.  In  the  South,  there  is 
a  considerable  demand  for  cheap  sulphuric  acid  in  connection  with 
the  treatment  of  phosphate  rock  in  the  manufacture  of  fertilizer,  and 
also  for  the  purpose  of  converting  the  ammonia  by-product  of  coking 
ovens  into  ammonium  sulphate.  This  demand  made  it  possible,  in 
a  large  measure,  to  solve  the  smoke  problem  in  the  vicinity  of  Duck- 
town  and  Copperhill,  Tenn.,  where  two  smelting  plants  manufacture 
sulphuric  acid  from  the  sulphur  dioxide  in  smelter  smoke.  The 
smelters  of  the  West  are  not  favorably  situated  in  this  respect,  at 
least  at  present,  as  the  market  for  sulphuric  acid  is  comparatively 
small.  In  Utah,  however,  there  are  large  phosphate  deposits  which 
no  doubt  will  be  utilized  in  time,  so  that  a  great  demand  for  cheap 
acid  may  develop.  As  already  stated,  the  problem  is  always  local. 
At  Anaconda  the  question  of  treating  the  tailings  or  refuse  product 
from  the  concentration  mills  for  the  recovery  of  their  copper  con- 
tent is  now  being  seriously  considered.  The  process  that  will  be  ap- 
plied is  one  of  roasting  the  tailings  and  leaching  the  roasted  product 
with  sulphuric  acid.  This  sulphuric  add  will  probably  be  manu- 
factured locally  from  the  gases  of  the  McDougal  furnaces  that  roast 
the  concentrate  of  the  mills.  Although  all  of  the  sulphur  dioxide 
produced  at  Anaconda  can  not  be  utilized,  the  removal  of  a  part  of  it 
from  the  smoke  stream  will  have  a  generally  desirable  effect.* 

The  Hall  and  the  Thiogen  processes,  now  prominent  in  the  amel- 
ioration of  the  smoke  difficulty,  are  designed  to  remove  sulphur  from 
the  smoke  stream  in  the  form  of  elemental  sulphur.  The  Hall  proc- 
ess eliminates  the  sulphur  in  the  ores  direct  in  the  form  of  elemental 


•  Incidentally  another  desirable  feature  is  that  the  spent  liquors  containing  iron  sul- 
phate and  other  salts  from  the  leaching  process  can  be  dumped  back  over  the  tailings  and 
thus  cement  the  tailings  into  a  coherent  mass  and  prevent  their  blowing  away  as  fine 
dust  clouds,  which  are  at  present  a  considerable  nuisance  in  certain  parts  of  the  sur- 
rounding valley. 


,    ELECTRICAL  TUBULAR  PRECIPITATOR.  CURRENT  OFF.     SMOKE  IS  L*DEN  V, 


n.     ELECTRICAL  TUBULAR  PRECIPITATOR,  CURRENT  ON.     SMOKE  IS  INVISIBLE. 
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sulphur  and  prevents  the  formation  of  sulphur  dioxide ;  the  Thiogen 
process  destroys  the  sulphur  dioxide  in  the  smoke  stream,  with  the 
production  of  elemental  sulphur.  The  leading  idea  here  also  is  the 
winning  of  a  valuable  by-product,  which  will  yield  a  profit  or  at  least 
meet  the  expense  of  the  applied  process.  Elemental  sulphur  at  pres- 
ent has  a  ready  market,  but  it  is  easy  to  show  that  the  possible  pro- 
duction of  sulphur  by  these  means  will  glut  the  market.  The  prob- 
lem is  again  a  local  one. 

If  the  sulphur  dioxide  in  smelter  smoke  can  not  be  converted  into 
valuable  by-products,  the  problem  becomes  one  of  finding  a  cheap 
means  to  destroy  the  sulphur  dioxide  and  convert  it  into  a  harmless 
substance.  From  this  standpoint,  although  for  obvious  reasons  the 
sulphur  dioxide  may  not  be  converted  into  sulphuric  acid,  it  might 
still  be  converted  into  elemental  sulphur,  which  could  be  stored  in 
isolated  places.  At  various  times  many  suggestions  have  been  made 
for  the  destruction  or  removal  of  sulphur  dioxide,  such  as  its  re- 
moval by  solution  in  water  or  its  absorption  by  limewater,  with  the 
formation  of  lime  sulphite,  all  of  which,  except  under  certain  local 
conditions  when  they  may  become  applicable,  in  the  end  give  rise  to 
just  as  great  a  nuisance  as  does  the  original  substance.  At  present 
the  best-known  method  for  minimizing  the  nuisance  of  sulphur  diox- 
ide in  smelter  smoke  is  to  dilute  the  smoke  and  diffuse  the  dioxide 
to  such  an  extent  that  it  will  be  practically  harmless. 

ICAHTTFACTTTBE  OP  SULPHUBIC  ACID  FBOM  SMELTEB  SNLOKE. 

In  this  country  two  neighboring  plants  manufacture  sulphuric 

acid  from  smelter  smoke.  One,  that  of  the  Tennessee  Copper  Co., 
is  at  Copperhill,  Tenn.,  and  the  other,  that  of  the  Ducktown  com- 
pany, is  at  Isabella,  Tenn.  Both  plants  practice  pyritic,  smelting,  the 
ores  consisting  largely  of  pjnrrhotite,  cupriferous  pyrite,  and  chalco- 
pyrite,  with  smaller  amounts  of  other  minerals.  The  sulphur  content 
of  the  furnace  charge  is  high,  about  21  per  cent.  The  copper  in  the 
ores  is  about  2  per  cent.  If  sulphuric  acid  is  to  be  manufactured 
from  sulphur  dioxide  in  smelter  smoke,  certain  conditions  must  neces- 
sarily be  fulfilled.  The  chief  one  is  that  the  gas  have  a  high  enough 
sulphur  dioxide  content — ^not  less  than  about  4.5  to  5  per  cent.  The 
proportion  of  carbon  dioxide  gas  should  not  be  over  4  per  cent. 

Methods  have  been  proposed  to  concentrate  sulphur  dioxide  by 
passing  the  smoke  stream  upward  through  towers  filled  with  coke  or 
other  material,  over  which  a  stream  of  cold  water  is  constantly  trick- 
ling. The  water  discharged  from  the  towers  will  contain  consider- 
able sulphur  dioxide,  and  if  it  be  heated  this  gas  will  be  liberated. 
Whether  the  process  would  afford  sufficient  concentration  under  ex- 
isting conditions  is  questionable,  and  the  added  step  might  inordi- 
nately increase  the  expense.    It  is  safe  to  state  that  sulphuric  acid 
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can  be  manufactured  commercially  only  in  those  plants  in  which  the 
gas  contains  the  required  amount  of  sulphur  dioxide  without  concen- 
tration. This  requirement  eliminates  many  smelters  and  limits  others 
to  gas  from  certain  furnaces  only,  such  as  the  roasting  furnaces,  which 
treat  charges  high  in  sulphur. 

DESCRIPTION  OF  GOPPERHILL  AND  ISABELLA  PLANTS. 

At  Copperhill,  the  gases  from  the  four  blast  furnaces  smelting  the 
crude  or  green  ore  are  sent  to  the  acid  plant.    The  gases  from  the 

converters  and  from  the  blast  furnaces  that  re- 
smelt  the  matte  from  the  green  ore  furnaces 
into  a  more  concentrated  product  are  sent 
directly  to  the  stack,  as  they  do  not  contain 
sufficient  sulphur  dioxide. 

Figure  15  shows  the  various  steps  of  the  acid 
process.  The  path  of  the  gas  and  acid  is  indi- 
cated by  light  lines  with  arrows.    The  furnace 

gas  has  a  composition  ap- 
proximately as  follows: 
Carbon  dioxide,  3.5  per  cent ; 
sulphur  dioxide,  5.3  per 
cent;  oxygen,  8  to  10  per 
cent ;  remainder,  nitrogen. 
This  gas  passes  from  the 
comparatively  tight  fur- 
nace tops  of  the  four  fur- 
naces by  means  of  indi- 
vidual downtakes  into  the 
acid-plant  dust  chamber, 
from  which  it  passes  by  a 
cross  flue  into  a  large  dis- 
tributing flue  or  second- 
ary dust  chamber,  from 
which  in  turn  it  passes 
by  two  cross  flues  into  the 
two  niter  houses,  where  the 
nitrous  oxides  are  added. 
Plate  V,  C,  shows  a  general  view  of  the  smelting  and  acid  plants. 
Although  acid  is  manufactured  from  the  gases,  the  main  stack  in  the 
rear  of  the  picture  is  seen  to  be  discharging  fume.  This  is  due  to  the 
fact  that  only  part  of  the  gas  was  going  to  the  acid  plant,  as  already 
stated.    The  stack  in  the  foreground  is  the  boiler  stack. 

Plate  VI,  -4,  shows  a  view  of  the  Isabella  acid  plant  and  smelter, 
which  treats  all  of  its  smoke  for  acid.  Plate  VI,  5,  is  a  view  near 
the  Isabella  plant,  showing  damage  due  to  the  heap  roasting  formerly 
employed. 
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PRODUCTION   OF  ACID  AT  COPPEBHILL. 

In  1911  the  plant  at  Copperhill,  Tenn.,  smelted  383^48  tons 
of  sulphide  ore.  The  gas  from  the  furnaces  was  made  into  acid. 
The  ore  contained  23.4  per  cent  sulphur,  or  89,774  tons,  of  which 
70400  tons  was  made  into  about  150,000  tons  of  acid  with  a  specific 
gravity  of  60°  B.  In  1912  the  same  plant  produced  192,084  tons 
of  acid,  or  at  the  rate  of  almost  600  tons  of  acid  daily.  The  capacity 
of  the  plant  is  about  700  tons  per  day.  The  total  acid  production 
in  the  United  States  in  1912  was  3,462,000  long  tons  of  acid  with  a 
specific  gravity  of  50°  B.  (62.18  per  cent  pure).  Of  this  production 
about  270,000  tons  was  derived  as  a  by-product  from  copper  smelt- 
ing and  292,748  tons  as  a  by-product  from  zinc  smelting,  a  total  of 
562,748  tons  derived  as  by-products  from  metallurgical  works. 

METHOD  EMPLOYED  AT  COPPERHILL  PLANT. 

The  manner  in  which  the  gas  used  for  acid  making  is  produced 
differs  somewhat  at  the  two  plants.  At  the  Copperhill  plant  the 
sulphide  ores  are  smelted  by  pyritic  smelting  in  blast  furnaces  with 
excess  air,  the  excess  being  blown  in  at  the  tuyferes.  This  excess 
of  air  is  such  that  the  gases  issuing  from  the  top  of  the  furnaces  con- 
tain 8  to  10  per  cent  oicygen,  the  proportion  required  in  acid  making. 
In  consequence  of  this  excess  air,  the  gases  from  the  furnace  have 
the  high  temperature  of  about  916°  F.,  and  contain  practically  no 
elemental  sulphur  in  the  form  of  vapor.  They  enter  the  niter  house 
at  approximately  the  same  temperature.  The  amount  of  air  used  by 
the  furnaces  is  about  59,000  cubic  feet  per  ton  of  furnace  charge, 
exclusive  of  coke. 

METHOD  EMPLOYED  AT  ISABELLA   PLANT. 

At  the  Isabella  plant  the  sulphide  ores  are  smelted  pyritically  in 
blast  furnaces,  but  with  only  the  volume  of  air  normally  required  to 
carry  on  the  smelting.  In  consequence  the  top  of  the  furnace  is  com- 
paratively cool,  and  the  gases  contain  no  excess  oxygen  but  consider- 
able elemental  sulphur.  The  gases  normally  contain  7  to  8  per  cent 
sulphur  dioxide,  4  to  5  per  cent  carbon  dioxide,  0.5  to  1  per  cent  free 
oxygen,  and  about  1  per  cent  carbon  monoxide  and  appreciable  sul- 
phur vapor.  These  gases  pass  into  a  dust  chamber  and  flue  and 
thence  to  the  acid  plant.  The  flue  leading  from  the  dust  chamber 
is  connected  with  an  air  pipe  from  the  blowers  that  furnish  air 
for  the  blast  furnaces.  This  pipe  supplies  the  air  that  must  be 
added  to  the  furnace  gases  to  give  them  the  oxygen  content  necessary 
in  acid  making.  At  the  point  where  the  air  enters  the  flue  the  sul- 
phur vapor  bums  to  sulphur  dioxide.  The  combustion  of  the  sul- 
phur at  this  point  raises  the  temperature  of  the  gases  to  900°  to 
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1,000°  F.,  the  temperature  necessary  in  the  niter  house,  and  the  addi- 
tion of  air  reduces  the  sulphur  dioxide  content  of  the  gas  to  about 
4.5  to  5  per  cent.  In  other  respects  the  process  of  making  acid  at 
the  two  plants  is  very  similar.  The  gases  discharged  from  the  acid 
works  are  practically  free  from  sulphur  dioxide,  containing  nor- 
mally about  0.2  per  cent,  which  is  not  sufficient  to  cause  damage. 

THE  PBOBUCTION  OF  ELEMENTAL  SXTLPHUB. 

THE  HALL  PROCESS. 
DIRECT  APPI.ICATION  OF  FBOCE8S. 

The  Hall  process  is  the  invention  of  William  A.  Hall,  and  de- 
signs to  remove  sulphur  directly  from  sulphide  ores  in  the  form  of 
elemental  sulphur,  thus  preventing  the  formation  of  sulphur  dioxide. 
Proposal  has  been  made  to  apply  the  process  to  the  roasting  of  sul- 
phide ores  in  furnaces  like  the  McDougal  or  Wedge  multiple-hearth 
furnaces.  Essentially,  it  consists  of  submitting  the  ore  to  closely  con- 
trolled oxidation  in  the  presence  of  water  vapor,  resulting  in  the  con- 
version of  the  sulphides  of  the  metals  into  oxides,  and  the  libera- 
tion of  the  combined  sulphur  in  the  form  of  elemental  sulphur  which 
i^  collected  in  water  or  by  other  suitable  methods.  In  the  process 
the  roasting  furnace  is  fitted  with  burners  for  the  combustion  of  oil 
gas  or  any  gas  of  high  calorific  power,  although  ordinary  producer 
gas  may  be  used.  The  furnace  is  tightly  inclosed,  and  the  admis- 
sion of  air  is  accurately  controlled.  By  a  proper  adjustment  of  the 
burners  an  oxidizing,  a  neutral,  or  a  reducing  atmosphere  may  be  at- 
tained in  the  furnace.  It  is  stated  that  a  furnace  operated  in  this 
manner  attains  the  same  capacity  as  if  it  were  roasting  ore  in  the 
usual  manner,  proportionately  to  the  sulphur  eliminated,. 

PRODUCTS  AND  CHEICISTRT  07  THE  PROCESS. 

The  product  of  the  furnace  consists  of  the  oxides  of  the  metals 
and  some  undecomposed  sulphides,  the  amount  of  the  latter  depend- 
ing upon  how  much  sulphur  it  is  desired  to  leave  in  the  calcines  or 
roasted  product.  The  chemistry  of  the  process,*  pyrite  being  taken 
as  the  sulphide  mineral,  is  probably  as  follows:  One  atom  of  sulphur 
in  the  pyrite  is  readily  distilled  as  elemental  sulphur  in  a  neutral 
or  reducing  atmosphere.  The  iron  sulphide  remaining,  at  a  tem- 
perature between  700°  and  900®  C,  which  is  attained  by  the  combus- 
tion of  gas  or  oil  at  the  burners,  is  converted  by  the  action  of  water 
vapor  probably  into  magnetic  iron  oxide  and  sulphureted  hydrogen. 
The  sulphureted  hydrogen  is  converted  to  elemental  sulphur  and 
water  vapor  by  the  limited  proportion  of  atmospheric  oxygen  pres-" 
ent,  aided  perhaps  by  the  presence  of  some  sulphur  dioxide. 

o  The  chemistry  of  the  process  is  at  present  under  investigation,  and  the  statements  here 
made  are  provisional  only  and  subject  to  correction. 
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The  reaction  taken  as  a  whole  is  exothennic ;  that  is,  it  liberates  heat 
to  the  extent  of  753  calories  per  kilogram  of  iron  sulphide  entering 
into  the  reaction,  provided  the  final  products  of  the  reaction  are  as- 
sumed to  be  magnetic  oxide  and  sulphur.  Water  vapor  is  necessary 
in  the  process  for  the  purpose  of  furnishing  hydrogen  to  temporarily 
combine  with  the  sulphur  during  the  decomposition  of  the  iron  sul- 
phide by  oicygen.  It  is  apparent  from  the  reactions  that  considerable 
atmospheric  oxygen  is  needed,  so  that  the  iron  may  be  oxidized. 
Theoretically  the  product  may  consist  of  either  ferric  oxide  or  mag- 
netic oxide,  and  it  is  this  fact  that  permits  a  considerable  adjustment 
of  conditions  in  the  furnace,  for  even  if  a  mixture  of  these  oxides 
be  produced  the  result  is  still  satisfactory.  If  the  conditions  in  the 
furnace  are  maintained  too  strongly  reducing,  there  is  not  sufficient 
oxygen  to  decompose  all  of  the  hydrogen  sulphide  formed  and  some 
escapes  with  the  gases  from  the  furnace.  If,  on  the  other  hand, 
the  conditions  are  maintained  too  strongly  oxidizing,  the  excess  oxy- 
gen over  that  required  for  the  iron  oxidizes  sulphur  to  sulphur  di- 
oxide, and  this  will  be  present  in  the  gases  coming  from  the  furnaces. 
The  success  of  the  process,  therefore,  depends  upon  a  close  adjust- 
ment of  the  volume  of  air  entering  at  the  burners.  The  water  vapor 
or  steam  needed  may  be  injected  at  the  burner,  or  a  sufficient  amount 
may  result  from  the  combustion  of  the  hydrogen  in  the  fuel  gas  that 
is  being  used.  It  has  also  been  noted  that  organic  sulphur  com- 
poimds  form  to  some  extent  during  the  roasting,  but  little  informa- 
tion on  this  phase  of  the  process  is  at  present  available. 

The  sulphur  escapes  from  the  furnace  as  vapor  of  sulphur  in  the 
gases,  and  it  is  stated  that  if  these  gases  be  submitted  to  the  action 
of  water,  as,  for  instance,  in  centrifugal  washers,  such  as  the  Thiesen 
or  Feld  washer,  used  to  wash  iron  blast-furnace  gases,  the  sulphur 
may  be  readily  removed  in  the  water,  from  which  it  can  be  settled  out. 
It  is  also  possible  that  the  electrical-precipitation  process  may  be  ap- 
plied, for  recent  experiments  with  the  Feld  washer  show  that  the  wash- 
ing method  presents  unusual  difficulties.  It  is  stated  that  sulphur  can 
be  produced  by  this  process  at  a  cost  of  $3  to  $5  per  ton,  but  recent 
experiments  seem  to  show  this  estimate  to  be  too  low.  During  1913 
sulphur  was  quoted  at  about  $22  per  ton,  New  York.  The  fuel  con- 
sumption in  the  process  is  said  not  to  be  more  than  10  per  cent  of  the 
weight  of  the  ore  roasted.  The  process  is  being  investigated  experi- 
mentally on  a  large  scale  in  the  copper-smelting  plant  at  Coram,  Cal. 

* 

■ 

PB08PECT8   FOB   SUGCEBBFUL   USB   OF  PBOGE8B. 

The  process  is  one  of  considerable  promise,  but  it  can  not  be  looked 
upon,  even  if  successful,  as  solving  the  smoke  problem  as  a  whole. 
It  may  solve  the  problem  locally,  dependent  upon  conditions.    One 
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of  the  great  advances  in  the  metallurgy  of  copper  within  the  last 
10  years  is  the  general  adoption  of  the  process  of  smelting  sulphide 
ores  in  the  raw  state  in  the  blast  furnaces,  the  fuel  value  of  the  iron 
sulphide  being  utilized.  This  plan  has  decidedly  lessened  the  con- 
sumption of  coke  and  the  cost  of  smelting.  At  present  whenever 
sulphide-copper  ores  are  of  the  proper  physical  character — ^that  is, 
in  not  too  fine  a  state  of  division — ^they  are  smelted  to  copper  matte 
in  the  blast  furnace  without  any  preliminary  roasting.  On  the 
other  hand,  sulphide  ores  that  break  very  fine  in  the  mine,  or  sul- 
phide concentrate,  must  first  be  roasted  for  the  elimination  of  a  large 
part  of  the  sulphur,  after  which  it  is  smelted  in  reverberatory  fur- 
naces. The  Hall  process  would  find  its  application  to  those  ores 
that  must  first  be  roasted.  The  California  copper-smelting  plants  in 
Shasta  County,  at  one  of  which  the  process  is  now  being  applied, 
smelt  the  ores  largely  in  blast  furnaces.  Whether  the  grade  of  ore 
will  permit  any  other  form  of  smelting,  such  as  roasting  by  the  Hall 
process  and  reverberatory  smelting  of  the  resultant  calcines,  is  a 
question  that  remains  to  be  settled.  It  is,  however,  true  that  the  cost 
of  coke  is  high  ($11  per  ton),  whereas  crude  oil  for  roasting  and 
reverberatory  smelting  is  cheap  (2 J  cents  per  gallon).  Recent  work 
at  Coram  on  the  Hall  process  shows,  on  steady  runs  of  a  week  or 
more,  an  oil  consumption  of  20  gallons  per  ton  of  Balaklala  ore. 
One  18-foot  McDougal  roasting  furnace  had  a  capacity  of  24  tons 
on  ore  of  such  fineness  as  to  pass  a  ^-inch  screen.  The  sulphur  con- 
tent of  the  calcines  was  6  to  8  per  cent.  The  same  furnace  had  a 
capacity  of  32  tons  on  ore  crushed  to  pass  a  10-mesh  screen,  the 
calcine  containing  3  to  5  per  cent  sulphur. 

THE  THIOGEN  PROCESSES. 

The  Thiogen  Co.  has  two  processes,  both  based  on  the  same  gen- 
eral chemical  reactions,  but  differing  widely  in  their  application  and 
possibilities. 

CHEMISTBY  OF   "  DBY  PB0CE8S." 

The  so-called  "  dry  process "  is  based  on  the  fact  that  when  sul- 
phur-dioxide gas  of  suitable  concentration  is  mixed  with  hydro- 
carbon gas  or  practically  any  refining  gas,  and  the  mixture  of  suph 
gases  is  passed  over  a  heated  basic  sulphide  such  as  calcium  sulphide 
(CaS)  or  barium  sulphide  (BaS),  a  reaction  takes  place  in  accord- 
ance with  the  following  equations : 

2CaS-|-3SO,=2CaSO,+3S 
2C5aSOa+2CHa=2CaS+2COf-|-2H,0 


RBCOVEBT  OF  PLUE  DUST  AND  FUME.  73 

In  this  general  reaction  the  base  used  plays  a  purely  catalytic  or 
cycle  role.  If  pure  gas  were  used  the  result  of  the  reaction  would 
be  in  accordance  with  the  equation: 

2CH,«+3SO,=2CO,+2H,04-3S 

The  last  reaction  does  not  take  place,  however,  to  any  appreciable 
extent  in  the  absence  of  a  base. 

Essential  to  the  commercial  success  of  this  process  are  several  con- 
ditions, as  follows: 

The  sulphur-dioxide  gas  must  have  a  concentration  of  not  less  than 
8  per  cent  by  volume.  Below  this  concentration  the  reaction  is  in- 
complete, and  although  the  gas  is  completely  decomposed  there  is 
formed  a  large  amount  of  gaseous  organic  compounds  by  the  combi- 
nations of  the  sulphur  formed  with  the  various  constituents  of  the 
hydrocarbon  gas  used.  With  a  gas  carrying  about  11  or  12  per  cent 
sulphur  dioxide  by  volume,  the  tendency  to  the  formation  of  these 
organic  sulphur  compounds  is  greatly  decreased,  and  other  condi- 
tions being  correct  sulphur  is  formed  in  nearly  theoretical  propor- 
tions and  of  a  high  degree  of  purity. 

The  gases,  both  sulphur  bearing  and  hydrocarbon,  must  be  free 
from  mechanical  impurities,  such  as  flue  dust  or  soot,  as  any  solids 
carried  to  the  basic  material  soon  form  a  coating  over  it  and  destroy 
its  activity. 

The  reaction  starts  at  a  temperature  close  to  750°  C,  and  should 
not  be  allowed  to  go  above  900°  C,  as  the  sulphide  has  a  corrosive 
action  at  the  higher  temperatures. 

Any  free  oxygen  in  the  gas  must  be  combined  with  the  hydro- 
carbons before  the  reaction  will  approach  completion.  If  the  pro- 
portion of  free  oxygen  present  is  large,  the  heat  developed  from  its 
combination  with  the  hydrocarbon  gas  presents  a  difficult  mechanical 
problem  both  in  its  disposition  and  its  control. 

On  account  of  the  various  controlling  and  limiting  factors,  this 
process  seems  applicable  only  to  gases  of  high  and  uniform  sulphur- 
dioxide  concentration,  such  as  roaster  gases  and  by-passed  sintering- 
machine  gases,  unless  a  part  of  the  final  sulphur  product  is  contin- 
uously used  to  raise  the  concentration  of  sulphur  dioxide  in  the  gases 
before  treatment. 

PBOCEDUBE  IN  "  DBT  PBOCESS." 

The  general  method  of.  procedure  in  the  "  dry  process  "  is  as  fol- 
lows: 

The  hot  gas  is  taken  from  its  source,  such  as  a  roaster,  and  enters 
directly  into  a  steel  combination  heat  radiator  and  dust  collector 

•The  formula  CHf  Is  here  used  to  represent  gaHeB  of  the  olefin  group  of  hydrocarbons, 
of  which  ethylene  or  olefiant  gas  (Csn«)  is  the  type. 
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filled  with  sets  of  vertical  pipes  through  which  the  gases,  after  hav- 
ing been  cleaned  and  cooled,  are  returned  and  partly  preheated.  The 
proportion  of  cool  gas  passing  through  the  transfer  tubes  is  con- 
trolled by  means  of  a  by-pass,  and  in  this  way  the  exit  temperature 
of  the  hot,  uncleaned  gases  from  the  radiator  is  never  allowed  to  fall 
below  280°  C. 

The  uncleaned  gases  at  this  temperature  are  taken  into  a  water- 
jacketed,  lead-coil  combination  cooler  and  scrubber  and  are  com- 
pletely cooled  and  cleaned  of  all  mechanical  impurities  and  solids. 
Sulphuric  acid  is  used  for  the  scrubbing. 

The  gas  then  passes  through  a  filter  to  remove  all  acid  mist  carried 
over  from  the  scrubber.  From  the  filter  the  dry,  clean  gas  enters 
the  suction  side  of  a  positive  blower  and  is  passed  through  the  tubes 
in  the  steel  radiator,  as  before  mentioned. 

The  roaster  gas  is  next  mixed  with  the  hydrocarbon  gas  in  the 
correct  proportions,  and  the  combined  gases  passed  to  the  contact 
chamber.  This  chamber  is  double  walled  and  divided  into  four  out- 
side chambers  and  one  large  inner  chamber.  The  inner  chamber  is 
filled  with  the  contact  material  (CaS)  and  is  also  traversed  by  a 
large  number  of  fire-clay  pipes.  By  a  peculiar  arrangement  the 
mixed  gases  enter  in  parallel  the  two  outer  chambers,  and  then  have 
to  pass  through  the  clay  pipes  into  the  second  chambers,  and  from 
there  downward  to  the  base  of  the  contact  chamber,  which  the  gases 
enter  from  both  sides.  A  great  amount  of  heat  is  developed  in  the 
contact  chamber  by  the  reaction,  and  this  heat  is  radiated  through 
the  clay  tubes  and  preheats  the  mixed  gases  to  the  reaction  tem- 
perature before  they  enter  the  base  of  the  contact  chamber.  The 
transference  of  heat  also  serves  to  keep  down  the  temperature  of  the 
contact  chamber,  which  would  otherwise  be  excessively  hot. 

The  hot  exit  gases  from  the  coatact  chamber,  now  carrying  sulphur 
yapor,  are  passed  through  the  flues  of  a  boiler-type  condenser.  The 
heat  from  the  gases  is  used  to  generate  steam,  and  this  steam  is  kept 
nt  a  pressure  of  about  30  pounds,  insuring  the  correct  temperature  in 
the  tubes  for  the  sulphur  to  condense  into  its  liquid  form  and  flow 
freely. 

The  final  waste  gases,  free  from  sulphur,  are  discharged  from  a 
small  stack. 

CHEMISTBT  OF  "  WET  PB0CE8S.** 

The  so-called  "wet  process"  of  the  Thiogen  Co.  is  based  on  the 
fact  that  when  a  basic  sulphide  such  as  calcium  sulphide  or  barium 
sulphide,  either  in  finely  divided  water  suspension  or  in  solution,  is 
treated  with  sulphur  dioxide  gas  free  from  carbon  dioxide  the  fol- 
lowing reaction  takes  place  in  the  cold : 

2Ca  (orBa)  S+3SO,=2Ca  (orBa)  SOa4-3S. 
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The  absorption  and  reduction  of  the  sulphur  dioxide  gas  in  a  water 
suspension  of  calcium  sulphide  was  first  tried,  and  with  gases  free 
from  carbon  dioxide  was  accomplished  satisfactorily  with  only  a  slight 
loss  of  sulphur  as  hydrogen  sulphide  gas.  However,  instead  of  the  re- 
action proceeding  strictly  according  to  the  above  equation,  there  was 
formed  a  large  amoimt  of  thiosulphates,  dithionates,  trithionates, 
and  tetrathionates,  and  bisulphites,  trisulphites,  and  tetrasulphites 
of  calcium,  all  of  which  were  soluble  up  to  a  certain  concentration. 
The  formation  of  such  compounds  resulted  unfavorably  in  two  ways, 
as  follows: 

(1)  The  water  or  liquor  of  suspension  could  not  be  thrown  away, 
as  to  do  so  would  have  entailed  a  large  loss  of  sulphur  and  calcium. 

(2)  The  specific  gravity  of  the  solution,  after  having  been  used 
as  a  liquor  of  suspension,  with  repeated  additions  of  fresh  calcium 
sulphide  after  each  filtration  of  the  precipitate,  gradually  raised, 
unless  kept  well  cooled,  to  about  1.3,  owing  to  the  large  proportion 
of  sulphur  compounds  of  calcium  in  solution.  At  this  gravity  the 
settling  of  the  sludge  (calcium  sulphite  and  sulphur)  was  slow  and 
unsatisfactory.  Filtration,  likewise,  was  unsatisfactory,  as  the  thio- 
sulphates in  solution  crystallized  slowly  and  tended  to  completely 
clog  the  filters  by  precipitating  in  the  meshes  of  the  filter  itself. 
For  these  reasons,  calcium  was  abandoned,  temporarily  at  least, 
and  barium  used. 

Barium  sulphide  is  rapidly  soluble  in  water,  whereas  calcium  sul- 
phide is  not.  If  any  thiosulphates  or  other  sulphur  compounds  of 
barium  are  formed  in  addition  to  the  barium  sulphite  they  are  prac- 
tically insoluble  and  precipitate  rapidly  along  with  the  main  prod- 
ucts of  the  reaction,  barium  sulphite  and  sulphur. 

The  specific  gravity  of  the  solution  rises  only  slightly  above  1.00, 
and  the  settling  of  the  solids  is  so  rapid  and  complete  as  to  do  away 
with  the  necessity  for  any  filtration  except  for  the  final  removal  of 
moisture  from  the  settled  precipitates  themselves. 

The  presence  of  carbon  dioxide  in  the  gases  to  be  treated  causes 
the  formation  of  hydrogen  sulphide  in  large  proportions,  and  for  this 
reason  it  was  found  advisable  to  absorb  the  sulphur  dioxide  out  of  the 
gas  in  water  and  to  treat  the  resulting  solution  with  finely  powdered 
barium  sulphide  in  the  dry  state.  The  action  is  rapid  and  complete, 
and,  as  before  stated,  the  precipitates  settle  rapidly,  allowing  the 
clear  overflow  liquor  to  be  immediately  used  again  for  absorption. 


«  vxmwn    tm£\rYtPata  ** 


PBOCEDUBE  IN  **  WET  PROCESS. 


The  general  method  of  procedure  in  the  "  wet  process  "  is  as  fol- 
lows: 

The  gas  containing  sulphur  dioxide  is  taken  from  its  source  and 
thoroughly  cooled  and  scrubbed  as  in  the  "  dry  process."    It  is  then 
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passed  through  three  absorbing  towers  in  series.  The  towers  are 
filled  with  hollow  tiles  especially  designed,  and  present  a  large  ab- 
sorption surface ;  the  gas  passes  through  slowly  and  builds  up  little 
pressure.  The  absorbing  liquor  enters  at  the  top  of  the  last  tower 
and  comes  down  in  series  through  the  three  towers  so  that  the  final 
flow  of  the  liquor  is  through  the  incoming  gas  of  highest  sulphur 
dioxide  concentration. 

The  liquor  carrying  the  sulphur  dioxide  in  solution  enters  the  suc- 
tion side  of  a  centrifugal  pump.  Part  of  the  discharge  of  this  pump 
is  taken  off  and  enters  the  top  of  a  vertical  cone-shaped  incorporator, 
into  which  also  the  finely  powdered  barium  sulphide  is  admitted  by 
means  of  a  closely  adjusted  screw  feed.  The  incorporator  discharges 
into  the  inlet  of  a  small  contrif  ugal  pump,  which  in  turn  discharges 
into  the  inlet  of  the  large  pump  and  is  there  mixed  with  the  main 
stream  of  liquor  from  the  absorbing  towers. 

The  discharge  from  the  large  pump  passes  through  a  system  of 
cone-bottomed  agitating  tanks  and  through  a  system  of  settling  tanks 
in  series.  The  overflow  from  the  last  settling  tank  returns  to  the 
absorbing  towers.  Each  settling  tank  is  designed  to  hold  a  day's 
run  of  solids  (sulphur  and  barium  sulphite).  The  tanks  have  filter 
bottoms  and  draw-off  outlets  on  the  sides.  One  tank  is  cut  out  of 
the  system  each  day,  and  the  supernatent  liquor,  after  it  has  settled 
to  the  lowest  point,  is  drawn  off.  The  filter  pump  is  then  started 
and  the  precipitate  is  filtered.  When  filtration  is  completed  a  dis- 
charge door  in  the  bottom  of  the  tank  is  opened  and  an  excavator 
discharges  the  filtered  precipitates  on  a  conveyor  belt  below  which 
carries  them  to  the  dryer. 

The  drying  is  done  with  waste  gases  and  at  a  low  temperature, 
and  the  dried  precipitates  then  go  to  a  sulphur  vaporizer  which  is 
built  on  the  order  of  a  muffle  roaster  with  cast-iron  floors.  In  this 
device  the  sulphur  is  volatilized  and  removed  by  means  of  a  current 
of  sulphur  dioxide  gas  circulated  through  the  vaporizer,  then  through 
a  condenser,  and  back  again  through  the  vaporizer.  The  sulphur 
is  condensed  as  a  liquid,  or  flowers  of  sulphur  may  be  obtained  by 
varying  the  method  of  condensation  of  the  vapor. 

The  solid  material  discharged  from  the  base  of  the  vaporizer  con- 
sists of  barium  sulphite.  At  a  temperature  of  650®  C.  this  is  easily 
reduced  to  barium  sulphide  by  treatment  with  hydrocarbon  gas  or 
carbon.  The  reaction  is  greatly  accelerated  by  using  finely  crushed 
materials  and  by  elevating  the  temperature  above  the  point 
mentioned. 

The  reducer  consists  of  a  muffle  roaster,  the  temperature  on  the 
floors  of  which  is  kept  above  650°  C.  by  direct  firing  through  the 
muffles.    The  reducer  may  be  operated  under  down  draft,  and  hydro- 
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carbon  gas  may  be  circulated  over  the  floors  on  which  the  heated 
barium  sulphide  is  rabbled.  Coke  or  coal  may  be  mixed  with  the 
bariimi  sulphite  and  the  reduction  attained  in  this  manner. 

Heavy  fuel  oil  may  be  mixed  with  the  barium  sulphite,  and  the 
reducer  operated  imder  down  draft.  If  this  is  done,  the  reduction  is 
performed  partly  by  the  residual  carbon  from  the  oil  and  partly  by 
the  vapor  and  gas  given  off  by  the  decomposition  of  the  oil.  Any 
residual  gas  emerging  from  the  lower  floor  may  be  burned  directly 
in  the  muffles  and  the  total  oxygen  combining  power  of  the  oil  ap- 
proximated without  the  use  of  a  gas  producer. 

The  "  wet  process "  is  applicable  to  any  concentration  of  sulphur 
dioxide  gas,  as  the  excess  oxygen  is  not  absorbed  by  the  water,  and 
reducing  fuel,  which  is  the  main  item  as  to  cost,  is  used  in  direct  pro- 
portion to  the  sulphur  produced. 

APPLICATION  OF  "  WET  PBOCESS.** 

The  absorbing  power  of  water  varies  almost  directly  with  the  con- 
centration of  sulphur  dioxide  in  the  gas.  For  this  reason  a  highly 
concentrated  gas  is  cheaper  to  handle,  as  the  production  of  sulphur 
increases  for  the  same  absorption  and  circulation  costs  for  power, 
labor,  and  installation. 

The  Thiogen  process  in  its  present  form,  as  described  above,  has 
not  as  yet  (May,  1914)  been  applied  on  a  commercial  scale.  Experi- 
ments with  an  earlier  form  of  the  process  were  performed  on  a  large 
scale  at  the  smelter  at  Campo  Seco,  Cal. 

FBOPOSED  PB0CE88B8  FOB  THE  BEMOVAL  OF  SULPHUB  DIOXIDE. 

USE  OF  LIME  IN  PRESENCE  OF  WATER. 

If  gases  containing  sulphur  dioxide  be  brought  into  intimate  con- 
tact with  lime  in  the  presence  of  water,  the  sulphur  dioxide  unites 
with  the  lime  to  form  calcium  sulphite.  This  can  be  accomplished 
by  passing  the  gases  containing  the  dioxide  through  towers  filled  with 
crushed  limestone  or  with  brush-wood  layers,  heavily  sprinkled  with 
lime,  or  through  towers  against  a  descending  spray  of  milk  of  lime. 
According  to  Richards,*  the  Ashio  copper  smelter  in  Japan  employs 
this  method  to  neutralize  sulphur  dioxide  in  its  smelter  smoke.  All 
of  the  sulphur  trioxide  is  destroyed  and  the  sulphur  dioxide  reduced 
from  0.8  to  0.5  per  cent.  However,  the  mechanical  details  of  the 
process  for  the  handling  of  enormous  quantities  of  gas  have  never 
been  worked  out,  nor  has  it  been  stated  how  the  product,  calcium  sul- 
phite, could  be  used  locally.    This  method  has  been  applied  on  a 

•  Richards,  J.  W.,  The  Japan  excursion  of  the  American  Institute  of  Mining  Elbgineers : 
Met  and  Chem.  Eng.,  vol.  10,  January,  1912,  p.  21. 
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small  scale  at  zinc  smelters  in  Silesia,  Germany,  but  holds  forth  no 
promise  under  present  conditions  in  this  country. 

POBsmiLrrr  of  absorption  in  water. 

It  has  been  suggested  that  sulphur  dioxide  may  be  removed  by 
absorption  in  water.  It  is  a  well-known  fact  that  the  concentrated 
gas  is  highly  soluble  in  water.  At  32^  F.  and  at  standard  atmos- 
pheric pressure  1  volume  of  water  will  dissolve  79.8  volumes  of  sul- 
phur dioxide  gas,  which  is  equivalent  to  1  cubic  foot  of  water,  or  62.5 
pounds,  dissolving  14.25  pounds  of  sulphur  dioxide.  The  solubility 
decreases  rapidly  with  rising  temperature,  and  at  104^  F.  and  stand- 
ard pressure  only  18.18  volumes  of  sulphur  dioxide  is  dissolved  by  1 
volume  of  water.    These  data  refer  to  pure  sulphur  dioxide  gas. 

PROPOBTION   OF   SULPHUB  DIOXIDE  DISSOLVED   BT   WATER. 

The  proportion  of  sulphur  dioxide  gas  dissolved  by  water  from  a 
mixture  of  gases,  such  as  smelter  smoke,  depends  on  the  partial  pres- 
sure of  the  sulphur  dioxide  gas,  which  in  turn  depends  on  the  pro- 
portion of  the  imit  volume  it  occupies.  As  an  example,  if  smelter 
smoke  containing  3  per  cent  of  sulphur  dioxide  (which  is  high)  be 
submitted  to  the  action  of  water  at  32°  F.  and  the  atmospheric  pres- 
sure is  650  mm.,  1  volume  of  water  will  dissolve  only  2.04  volumes 
of  sulphur  dioxide.  If  the  smelter  smoke  contain  only  0.75  per  cent 
of  sulphur  dioxide,  the  water  will  dissolve  only  0.56  volume  of  the 
gas.  In  actual  experiments  made  by  W.  C.  Ebaugh  in  Salt  Lake 
City,  it  was  found  that  smelter  smoke  containing  about  1.5  per  cent 
of  sulphur  dioxide,  when  submitted  to  the  action  of  water  at  95°  to 
102°  F.,  gave  rise  to  solutions  containing  0.33  volume  of  sulphur 
dioxide  per  volume  of  water. 

It  is  therefore  plainly  evident  that  not  much  may  be  expected  from 
the  endeavor  to  remove  sulphur  dioxide  from  ordinary  metallurgi- 
cal smoke  by  spraying  it  with  water  or  passing  it  through  water  in 
in  some  manner.  However,  Ingalls^  states  this  method  is  perfectly 
feasible  for  gases  containing  a  considerable  percentage  of  sulphur 
dioxide  (4  per  cent),  and  that  it  has  been  applied  in  practice  in 
Silesia,  Germany,  at  certain  zinc  smelters.  The  smoke  would  have 
to  be  submitted  to  a  large  number  of  consecutive  washings,  and  the 
quantity  of  water  necessary  would  be  excessive. 

REMOVAL!  OF  SULPHUR  DIOXmE  BY   REFRIGERATING  SMOKE. 

Another  suggestion  is  to  freeze  out  the  sulphur  dioxide  from  smel- 
ter smoke  by  submitting  the  smoke  to  refrigeration.  One  proposal  of 
this  kind  suggests  that  the  smoke  be  submitted  to  such  a  low  tempera- 

•  Ingalls,  W.  R.,  The  metallargy  of  zinc  and  cadmium,  1905,  p.  166. 
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tare  that  the  sulphur  dioxide  will  be  precipitated  either  as  liquid  sul- 
phur dioxide  or  as  frozen  dioxide.  The  impossibility  of  this  plan  has 
already  been  discussed  under  the  properties  of  sulphur  dioxide.  A 
second  proposal  is  to  refrigerate  the  smoke  in  a  manner  similar 
to  that  employed  at  a  few  iron  blast  furnaces^  for  drying  of  air  used 
in  the  furnaces.  The  air  is  passed  through  refrigerating  chambers, 
where  it  deposits  all  moisture  in  excess  of  that  which  it  can  carry  at 
the  freezing  point.  If  smelter  smoke  containing  sulphur  dioxide  and 
water  vapor  is  refrigerated,  the  product  is  ice  that  contains  a  cer- 
tain proportion  of  a  hydrate  of  sulphur  dioxide.  With  water  highly 
charged  with  sulphur  dioxide  this  crystallohydrate  of  sulphur  dioxide 
and  water,  of  the  composition  SOj+THjO,  freezes  out  first.  It  con- 
tains 33.7  per  cent  sulphur  dioxide  and  66.3  per  cent  ice.  If  this 
ice  containing  the  sulphur  dioxide  be  melted  and  the  resultant  acid 
water  heated  in  a  vacuum,  sulphur  dioxide  will  be  liberated  in  a  con- 
centrated form,  which  can  be  readily  liquefied.  The  relation  be- 
tween sulphur  dioxide  and  water,  in  reference  to  pressure,  tempera- 
ture, and  concentration  has  been  fully  worked  out  by  Roozeboom.* 
The  cryohydrate,  or  the  solution  of  water  and  sulphur  dioxide  having 
the  lowest  freezing  point  contains  92.1  per  cent  water  and  7.9  per 
cent-  sulphur  dioxide,  freezing  at  —2.6°  C.  The  difference  be- 
tween the  freezing  point  of  this  cryohydrate  and  that  of  water  is  too 
small  to  permit,  in  a  commercial  operation,  the  obtaining  of  a  con- 
centrated liquid  by  the  freezing  of  dilute  solutions  of  sulphur  di- 
oxide and  water. 

COlflfEBCIAL   APPLICATION    OF    BEFRIGEBATION    PBOCE8S    DOUBTFUL. 

No  data  of  experiments  on  a  commercial  scale  are  available  as  to 
the  concentration  of  sulphur  dioxide  attainable  in  the  ice  formed 
from  ordinary  smelter  smoke,  but  it  seems  questionable  that  this 
concentration  can  be  high,  when  the  small  amount  of  sulphur  dioxide 
actually  dissolved  by  water  from  smelter  smoke  is  considered.  One 
of  the  difficulties  of  the  process  would  be  the  disposal  of  the  liquid 
sulphur  dioxide.  Manifestly  it  is  impossible  to  discharge  it  into 
streams  or  onto  the  land,  and  unless  a  ready  market  be  available  it 
would  seem  that  the  process  could  not  be  applied  commercially. 
The  principles  on  which  the  process  is  based  seem  sound  theoreti- 
cally, but  data  on  such  necessary  details  as  the  amount  of  water 
needed  and  the  attainable  concentration  of  sulphur  dioxide  in  the  ice 
are  entirely  lacking. 

•The  Gayley  process. 

*Roosetwom,  H.  W.  B.,  8ur  Thydrate  de  Tadde  sulfareax;  Rec.  trav.  chim.  Pays-Bas, 
Tol.  3,  1994,  p.  29;  Sar  la  dissodatioa  des  hydrates  de  I'aclde  sulfnreux,  du  chlore  et 
da  brome :  Tol.  4,  1885,  p.  65 ;  Sur  les  points  triples  et  multiples,  envisagfis  comme  points 
de  transition :  toI.  0,  1887,  p.  319 ;  Studlen  fiber  chemisches  Gleichgewicht :  Zeitschr. 
physikal.  Chem.,  vol.  2,  1888,  p.  450;  quoted  by  Nemst,  — ,  Theoretic  chemistry,  1911, 
p.  622,  and  by  Plndlay,  — ,  The  phase  rule,  1906,  p.  169,  and  by  Landolt  and  BOmsteln, 
Physlkalisch-^hemische  Tabellen,  1912,  p.  493. 
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USE  OF  riNELY  GROUND  SLAG  OR  SLAG  WOOL. 

Westby  and  Sorenson  have  proposed  a  process  whereby  hot  smelter 
smoke  containing  appreciable  amoimts  of  sulphur  dioxide  is  brought 
into  intimate  contact  with  finely  ground  ferruginous  slag,  such  as  is 
produced  in  copper  or  lead  smelting,  resulting  in  the  formation  of 
iron  sulphur  salts,  which  dissolve  in  water,  with  the  consequent 
elimination  of  the  sulphur  dioxide  from  the  smoke  stream.  The 
slag,  which  is  a  waste  product  of  the  smelting,  may  be  used  either 
in  a  finely  ground  form  or  as  slag  wool,  a  product  produced  by  blow- 
ing air  or  steam  against  a  slag  stream  so  that  it  is  spun  out  into 
fine  threads.  In  the  experimental  work  the  smoke  stream  from  a 
roasting  furnace  was  admitted  into  a  wooden  tower  set  in  a  water 
seal.  The  tower  was  provided  with  numerous  sloping  baffle  plates. 
The  water  and  finely  ground  slag  charged  from  a  hopper  at  the  top 
spread  over  these  baffles  or  shelves,  the  slag  accumulating  on  the 
shelves,  thus  exposing  large  areas  of  material.  The  ascending  smoke 
stream  came  into  contact  with  this  slag  and  the  descending  water 
sprays,  resulting  in  the  rapid  chemical  action  of  the  sulphur  dioxide 
on  the  iron  silicates  of  the  slag,  with  the  formation  of  such  salts  as 
ferrous  and  ferric  sulphites,  ferrous  sulphate,  thionate  of  iron,  and 
sulphur  salts  of  other  bases,  such  as  lime.  Some  of  these  salts  are 
dissolved  by  the  water,  whereas  others  remain  as  insoluble  constitu- 
ents with  the  undissolved  slag  residue. 

RESULTS  EXPECTED  OF  PROCESS. 

In  practice  the  solutions  were  to  be  discharged  from  the  water 
seal  and  run  into  ponds,  where  oxidation  of  the  iron  sulphur  salts 
would  take  place,  precipitating  iron  oxides  and  basic  sulphates, 
or  they  were  to  be  rim  over  waste  lands  where  they  would  be  ab- 
sorbed by  the  soil  and  any  acids  present  be  neutralized  by  the  lime 
constituents  of  that  soil,  so  that  the  ground  water  would  not  be 
rendered  impure.  The  slag  used  usually  contained  0.2  to  0.4  per 
cent  copper.  In  the  slag  wool  this  copper  was  in  the  form  of 
oxide.  In  the  finely  ground  slag  the  copper  was  partly  in  the  form 
of  oxide  and  partly  in  the  form  of  sulphide.  That  part  present  as 
oxide  of  copper  would  dissolve  and  pass  out  with  the  solutions, 
whereas  that  present  as  sulphide  would  remain  with  the  slag  residues 
in  the  tower.  The  dissolved  copper  was  to  be  precipitated  from  the 
solutions  by  heating  them  with  steam,  which  would  cause  the  thio- 
nates  of  iron  present  to  react  with  the  soluble  copper  salts  to  form 
insoluble  copper  salts.  The  slag  residues  from  the  tower  contain- 
ing the  insoluble  copper,  owing  to  their  relatively  small  bulk,  might 
contain  sufficient  copper  to  warrant  their  resmelting  in  reverberatory 
furnaces.     If  the  location  of  the  smelting  plant  should  justify  it, 
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sach  by-products  as  iron  sulphate  and  zinc  sulphate  might  be  recov- 
ered from  the  solutions. 

The  process  has  been  tried  only  experimentally,  and,  under 
favorable  conditions,  as  much  as  85  to  90  per  cent  of  the  sulphur 
dioxide  is  said  to  be  removable  from  the  smoke  stream.  It  would 
seem  that  the  process  is  applicable  only  to  gases  comparatively  high 
in  sulphur  dioxide,  containing,  say,  more  than  4  per  cent,  and  to 
comparatively  small  volumes  of  smoke.  Its  application  to  great 
volumes  of  gas  comparatively  low  in  sulphur  dioxide  seems  hardly 
feasible. 

DILUTION  OF  THE  SULPHUR  DIOXIDE  BY  AIB. 

The  dilution  of  smelter  smoke  by  air  to  such  a  point  that  the 
concentration  of  sulphiu*  dioxide  is  low  enough  to  be  considered 
harmless  appears  at  present  the  only  universally  applicable  remedy 
for  the  sulphur  dioxide  nuisance.  Although  this  fact  is  generally 
known  and  its  significance  is  fully  realized  by  metallurgists,  it  would 
seem  that  in  a  number  of  instances  the  possibilities  of  the  method 
have  not  been  fully  utilized. 

use  OF  HIGH   CHIMNEYS  NOT  8ATISFACTOBT. 

It  was  formerly  rather  generally  believed  that  if  smelter  smoke 
was  discharged  from  high  chimneys  natural  diffusion  would  so  act 
on  the  smoke  stream  that  when  the*  gases  reached  the  groimd,  the 
sulphur-dioxide  would  be  so  diluted  as  to  be  practically  harmless. 
However,  experience,  both  in  this  country  and  in  Europe,  does  not 
warrant  this  assumption.  It  seems  rather  that  the  diffusive  action 
is  comparatively  slow,  and  that  frequently  masses  of  smelter  smoke 
are  wafted  to  the  surface,  still  in  such  concentrated  condition  as  to 
be  harmful.  High  stacks  tend  to  protect  the  immediate  vicinity 
around  the  smelting  plant,  and  may  cause  a  milder  but  rather 
widespread  damage  at  some  distance  from  the  plant.  Of  course  in 
considering  whether  damage  will  be  done,  it  is  necessary  to  know  the 
initial  concentration  of  the  sulphur  dioxide  as  it  issues  from  the 
stack.  If  this  be  low,  say  less  than  1.50  per  cent,  the  great  prob- 
abilitiy  is  that  with  a  high  stack  diffusion  will  be  sufficient  to  render 
the  discharge  practically  harmless.  If,  however,  the  concentration 
of  sulphur  dioxide  is  greater  than  this,  there  is  a  possible  chance  of 
damage  being  done.  Court  decisions  in  California  and  Utah  have 
set  0.75  per  cent  as  the  maximum  permissible  sulphur  dioxide  con- 
tent of  smoke  streams  discharged  by  smelter  stacks.  This  figure  is 
not  based  on  scientific  experiment,  but  was  adopted  as  a  general 
figure  to  conform  to  certain  opinions  held  at  the  time  the  decisions 
were  rendered. 

57570*— Bull.  84—15 6 
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USE   OF   FANS   GIVK8   PBOlf  I8B. 

Becently  the  feasibility  of  diluting  the  smoke  stream  with  air  by 
the  use  of  large  fans  and  of  then  discharging  the  diluted  smoke  from 
a  number  of  low  stacks  rather  than  from  one  high  stack  has  received 
considerable  attention.  One  case  in  point  is  the  manner  of  discharg- 
ing smelter  smoke  in  use  in  the  plant  at  Kennett,  Cal.,  which  has 
been  described.  There  fans  are  in  use  for  the  special  purpose  of 
diluting  the  smoke  stream  with  air.  The  copper-smelting  plant  at 
Coram,  Cal.,  before  its  shutdown,  also  employed  fans  for  the  dilu- 
tion of  the  smoke  stream. 

It  has  recently  been  stated  that  the  Ashio  Copper  Co.,  in  Japan, 
will  use  a  similar  system.^*  At  this  plant  the  problem  of  fume  dam- 
age is  important,  and  the  proposed  method  of  the  disposal  of  the 
smelter  smoke  was  adopted  after  careful  study  of  conditions  the 
world  over.  It  is  proposed  to  proceed  as  follows:  (1)  To  cool  the 
smoke  stream  by  radiation  to  100^  C.  or  less;  (2)  to  settle  the  fine 
dust  by  passing  the  smoke  stream  through  a  chamber  210  feet  long 
at  a  velocity  of  3  feet  per  second,  the  dust  chamber  to  be  hung  with, 
bamboo  strips  instead  of  wires;  (3)  to  dilute  the  smoke  stream  to 
0.3  per  cent  sulphur  dioxide  or  less  with  fresh  air  by  means  of  fans, 
and  to  scatter  the  diluted  smoke  by  the  use  of  three  or  four  stacks 
rather  than  one  stack. 

LEGAL  ASPECT  OF  THE  SMEIiTER-SMOKE  PROBLEM. 

Although  the  smelter-smoke  problem  has  been  in  the  courts  for  a 
long  time  in  a  minor  way,  it  has  been  prominent  only  in  the  past  10 
years.  During  that  time,  however,  and  at  present  it  is  attracting 
nation-wide  attention.  The  cases  that  have  been  before  the  courts 
may  be  classified  geographically  under  five  heads,  as  follows:  (1) 
Utah,  centering  about  Salt  Lake  City;  (2)  southeastern  Tennessee, 
near  the  Georgia  and  North  Carolina  boundary  line;  (3)  Montana, 
centering  about  Butte  and  Anaconda;  (4)  Shasta  County,  Cal.;  (5) 
near  San  Francisco,  Cal.,  in  Contra  Costa  and  Solano  counties. 
There  are  cases  of  minor  importance  in  other  sections  of  the  coxmtry, 
but  those  in  the  five  localities  mentioned  serve  well  to  illustrate  the 
legal  aspects  of  the  smelter-smoke  problem. 

UTAH  GASES. 

The  country  about  Salt  Lake  City  contains  rich  agricultural  lands, 
particularly  along  the  Jordan  River.  Many  years  ago,  during  the 
early  mineral  development  of  Utah,  various  smelters  were  erected  in 
the  midst  of  this  section,  and  grew  into  large  plants.  There  was 
always  more  or  less  trouble  between  individual  farmers  and  certain 

•  For  description  of  this  system  see  editorial,  Dust  chambers  at  the  Ashio  smelter, 
Japan :  Min.  Sd.  Press,  yol.  109,  January,  1914,  p.  13. 
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smelting  companies  which  was  adjusted  by  the  payment  of  damage. 
The  early  smelters  treated  lead  ores.  Later,  copper  smelters  were 
built  and  the  complaints  about  smoke  became  more  insistent.  In 
1901,  and  immediately  before  that,  certain  farmers  obtained  heavy 
damages  from  one  of  the  smelting  companies  on  account  of  injury 
to  crops.  Damage  did  not  cease,  and  in  1904,  after  lengthy  confer- 
ences between  the  farmers  of  the  vicinity  and  various  smelting  cor- 
porations, which  led  to  no  results,  suits  were  started  against  the 
smelting  companies. 

In  the  case  of  James  Godfrey  et  al.,  representing  about  400  farm- 
ers, versus  the  American  Smelting  &  Kefining  Co.,  the  United  States 
Smelting  Co.,  the  Bingham  Consolidated  Co.,  and  the  Utah  Consoli- 
dated Co.,  the  Federal  court  issued  an  injunction  in  November,  1906, 
designed  to  prevent  any  of  the  companies  from  treating  ore  containing 
more  than  10  per  cent  sulphur  in  the  natural  state,  or  .permitting 
the  escape  of  arsenic  from  the  stacks.  This  decision  was  upheld  on 
appeal.  The  Bingham  Consolidated  Co.  and  the  Utah  Consolidated 
Co.  then  abandoned  their  smelters.  The  American  Smelting  &  Re- 
fining Co.,  by  permission  of  the  court,  entered  into  contract  with  the 
farmers  to  rebuild  its  flue  and  dust-chamber  system  and  to  add  a 
bag  house  for  the  filtering  of  blast-furnace  gases  at  its  Murray  plant, 
and  was  permitted  to  resume  operations.  The  United  States  Smelt- 
ing Co.,  at  Midvale,  also  entered  into  an  agreement  with  the  farmers 
by  permission  of  the  court,  and  built  elaborate  bag  houses  for  the 
filtering  of  gases  from  all  of  its  furnaces  in  the  lead  department. 
The  agreements  reached  called  for  (a)  the  removal  of  all  free  sul- 
phuric acid  in  the  smelter  smoke;  (&)  the  removal  of  all  solids  from 
the  smoke  by  means  of  a  bag  house;  (c)  that  after  the  removal  of 
solids  and  sulphuric  acid,  the  gases  discharged  into  the  atmosphere 
should  contain  not  more  than  0.75  per  cent  of  sulphur  dioxide;  (d) 
that  such  sulphur  dioxide  as  escaped  should  not  damage  crops  and 
live  stock  or  cause  discomfort  or  inconvenience  to  persons.  Under 
this  agreement  the  United  States  Smelting  Co.  resumed  operations  in 
its  lead  department  in  April,  1908.  The  copper  department  of  the 
smelter  has  not  as  yet  resumed  operations,  although  granted  per- 
mission to  do  so.  All  of  the  copper  smelting  of  the  Salt  Lake  Valley 
is  now  done  at  Garfield  and  at  Tooele,  westward  from  Salt  Lake  City, 
in  a  region  where  smoke  can  seemingly  do  less  damage  than  in  the 
immediate  vicinity  of  Salt  Lake  City.  Although  at  present  there  is 
not  much  complaint  about  smoke  near  Salt  Lake  City,  it  is  doubtful 
whether  the  matter  is  permanently  settled. 

TENNESSEE  CASES. 

The  copper  smelters  of  the  Tennessee  Copper  Co.  and  of  the  Duck- 
town  Copper,  Sulphur  &  Iron  Co.,  are  at  Copperhill  and  Isabella, 
respectively,  in  the  extreme  southeastern  comer  of  Tennessee,  less 
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than  a  mile  from  Greorgia  and  only  a  few  miles  from  North  Caro- 
lina. The  country  is  beautiful,  mountainous,  and  heavily  wooded, 
although  in  places  it  is  well  cultivated.  The  prevailing  winds  for 
the  greater  part  of  the  year  blow  to  the  south.  The  country  imme- 
diately surrounding  Copperhill  and  Ducktown  is  entirely  denuded 
and  bare,  the  damage  having  been  wrought  largely  during  earlier 
days  when  heap  roasting  was  extensively  practiced.  There  was  al- 
ways more  or  less  trouble  in  the  district,  particularly  in  northern 
Georgia.  In  May,  1907,  the  State  of  Georgia  obtained  from  the 
Supreme  Court  of  the  United  States  the  permission  to  call  for  a  per- 
manent injimction  restraining  the  Tennessee  Copper  Co.  and  the 
Ducktown  Copper,  Sulphur  &  Iron  Co.  from  operating  their  plants. 
This  injunction,  however,  was  not  put  into  effect  because  the  com- 
panies were  constructing  sulphuric  acid  plants  for  the  treatment  of 
the  smelter  smoke.  This  method  was  put  into  successful  operation, 
and  former  difficulties  have  largely  disappeared.  However,  the  sul- 
phuric acid  plants  are  not  large  enough  to  fully  accommodate  the 
tonnage  that  might  be  smelted,  and  the  Tennessee  Copper  Co.  is 
forced  during  the  active  crop-growing  season  to  curtail  its  tonnage 
in  order  not  to  produce  damaging  smoke.  That  some  damage  was 
perhaps  still  being  done  was  reflected  in  a  news  statement  dated  Octo- 
ber 25,  1913,  that  the  Ducktown  mine  owners  had  contracted  with 
the  State  of  Georgia  to  pay  annually  $16,500  to  Georgia  farmers. 

MONTANA  GASES. 

The  great  smelting  interests  of  the  State  of  Montana  center  about 
Anaconda,  29  miles  west  of  Butte,  Great  Falls,  120  miles  northeast 
of  Butte,  and  East  Helena,  50  miles  northeast  of  Butte.  The  Mon- 
tana smelter  cases  relate  solely  to  the  Anaconda  location.  The  tre- 
mendous devastation  wrought  by  sulphurous  gases  in  the  immediate 
vicinity  of  Butte,  in  the  early  days  of  smelting  operations  is  well 
known.  Damage  was  also  done  in  the  vicinity  of  Anaconda  in  the 
Deer  Lodge  Valley  before  the  great  copper  smelter  of  the  Anaconda 
Copper  Mining  Co.  moved  to  its  present  site.  It  was  claimed  that 
this  last  plant  also  caused  damage,  and  this  complaint  culminated 
in  the  suit  of  F.  J.  Bliss  versus  the  Anaconda  Copper  Mining  Co. 
and  the  Washoe  Copper  Mining  Co. 

A  perpetual  injunction  was  sought  on  account  of  damage  by  fume. 
In  the  first  decision  of  the  Federal  court  in  January,  1909,  the  in- 
junction was  refused,  although  Bliss  was  awarded  nominal  damages, 
the  court  finding  that  some  damage  had  been  done  by  fume  in  the 
immediate  vicinity  of  the  smelter,  but  that  no  damage  had  resulted 
from  sulphur  dioxide.    It  decreed  a  rehearing  of  the  case  to  de- 
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termine  whether  the  arsenic  in  the  fume  could  be  reduced  in  quan- 
tity. In  May,  1911,  the  United  States  Circuit  Court  of  Appeals  con- 
firmed the  first  decision,  the  records  in  the  case  being  the  most 
voluminous  known  in  a  suit  of  this  kind,  comprising  more  than 
25,000  pages.  Appeal  was  then  had  to  the  Supreme  Court  of  the 
United  States,  which,  in  November,  1913,  finally  dismissed  the  suit. 
The  United  States  Government,  in  1910,  also  entered  suit  against 
the  Anaconda  Copper  Mining  Co.  on  account  of  damage  by  smoke 
to  the  national  forests.  This  suit  was  not  proceeded  with,  but  a 
commission  to  investigate  the  matter  was  appointed  in  1911,  by 
agreement  between  the  Department  of  Justice  and  the  attorneys 
for  the  Anaconda  Co.  This  commission  consists  of  J.  A.  Holmes, 
Director  of  the  Bureau  of  Mines,  L.  D.  Eicketts,  an  eminent  metal- 
lurgical engineer,  and  John  Hays  Hammond,  the  well-known  min- 
ing engineer.  Chemists  and  engineers  employed  by  this  commission 
are  working  in  conjunction  with  employees  of  the  Anaconda  Copper 
Mining  Co.,  seeking  a  solution  of  the  smelter-smoke  problem,  and  it 
is  understood  that  good  progress  is  being  made. 

SHASTA  COUNTY,  CAL.,  CASES. 

The  copper-smelting  plants  of  Shasta  County,  Cal.,  are  situated  in 
the  mountains  immediately  above  the  head  of  the  great  Sacramento 
Valley.  The  country  immediately  surrounding  the  various  smelting 
plants  has  been  entirely  denuded  by  former  operations.  The  section 
can  not  be  called  an  agricultural  one,  but  the  Sacramento  Valley 
lying  below  it  is  fertile  and  highly  cultivated,  and  the  complaint 
against  the  smelters  arises  chiefly  from  the  farmers  of  that  vicinity. 
The  first  plant  to  be  closed  down  was  that  of  the  Mountain  Copper 
Co.,  which  was  enjoined  by  the  United  States  Government  for  doing 
smoke  damage  to  forest  reserves.  Suit  was  brought  by  the  Shasta 
County  Farmers'  Protective  Association  against  the  Mammoth  Cop- 
per Co.  at  Kennett,  a  subsidiary  concern  of  the  United  States 
Smelting,  Eefining  &  Mining  Co.,  and  the  Balaklala  Consolidated 
Copper  Co.  at  Coram,  seeking  to  enjoin  these  companies  from 
operating.  The  case  was  brought  to  trial  and  the  United  States 
circuit  court  of  appeals,  in  February,  1910,  arranged  for  agreements 
between  smelters  and  farmers  whereby  the  smelters  were  permitted 
to  operate  provided  that  they  fulfilled  conditions  similar  to  those 
outlined  for  the  United  States  Smelting  Co.  in  Utah.  In  confirma- 
tion with  this  agreement  the  Mammoth  Copper  Co.  put  in  a  bag 
house  and  diluting  fans,  and  the  Balaklala  Co.  installed  the  elec- 
trical precipitation  process  and  diluting  fans,  and  the  companies 
continued  to  operate.    Some  time  later  the  Balaklala  Consolidated 
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Copper  Co.  decided  to  close  its  plant  as  damage  to  crops  was  still 
found  to  continue.  The  Mammoth  Copper  Co.  is  still  operating, 
being  able  to  satisfy  the  conditions  imposed.  The  difficulty,  how- 
ever, is  by  no  means  settled,  and  it  is  stated  (December,  1918)  that 
the  Farmers'  Protective  Association  expects  to  proceed  again  against 
the  smelting  company.  In  November,  1913,  the  governor  of  Cali- 
fornia appointed  a  commission  consisting  of  the  secretary  of  the 
State  board  of  health,  the  horticultural  commissioner,  and  the  State 
veterinarian  to  investigate  the  smelter  fumes.  It  is  hoped  that  this 
conmiission  will  assist  in  solving  the  problem.  In  1910  the  Govern- 
ment suggested  to  the  officials  of  the  Bully  Hill  Smelter,  in  this 
vicinity,  that  they  begin  vigorous  experimental  work  for  the  abate- 
ment of  the  smoke  nuisance  on  account  of  damage  then  being  done 
to  forest  reserves.  The  company  thereupon  closed  its  plant  in  order 
to  be  better  able  to  work  out  its  problems  and  devise  new  methods. 

Since  the  Government  is  interested  in  this  section  of  California  by 
virtue  of  the  forest  reserves,  the  secretary  of  the  commission  that  has 
charge  of  the  Montana  smelter-smoke  cases,  J.  A.  Holmes,  has  sev- 
eral times  visited  this  district. 

CASES  KEAB  SAN  FBANCISCO. 

A  number  of  smelting  and  acid  plants  are  located  ^in  Contra  Cosla 
County,  on  San  Pablo  Bay,  near  San  Francisco.  These  are  the 
Selby  Smelting  &  Lead  Co.,  the  General  Chemical  Co.,  and  the 
Mountain  Copper  Co.  During  the  past  9  or  10  years  there  has  been 
difficulty  in  this  district  owing  to  claims  of  damage  by  farmers  in 
Contra  Costa  and  Solano  Counties.  Suits  in  the  local  and  State 
courts  were  frequent.  Statutes  seeking  to  regulate  the  disposal  of 
smelter  smoke  were  passed  by  county  supervisors.  The  situation  is 
complicated  by  the  existence  in  the  vicinity  of  other  manufacturing 
plants,  which  give  rise  to  odors  and  gases  of  a  disagreeable  nature. 
It  seems,  however,  that  the  smelting  plants  receive  most  of  the  blame, 
possibly  unjustly. 

In  1908  the  Selby  Smelting  &  Lead  Co.  was  enjoined  by  the  supe- 
rior court  of  the  State  from  operating  the  smelter  during  the  period 
from  March  15  to  October  15  of  each  year.  In  this  time  the  trade 
winds  carry  the  smoke  westward  across  the  Karquines  Straight  to 
Benicia  and  the  adjoining  farm  lands.  Since  then  the  company  has 
installed  one  bag  house  for  its  blast-furnace  gases  and  another  for 
those  of  the  Dwight-Lloyd  sintering  machines  and  has  put  in  the 
electrical-precipitation  process  for  the  condensation  of  acid  fume 
from  the  parting  kettles.  It  has  also  diverted  ores  high  in  sulphur 
to  the  General  Chemical  Co.'s  plant  at  Bay  Point,  where  the  sulphur 
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is  utilized  in  the  manufacture  of  sulphuric  acid,  the  roasted  ore 
being  returned  to  the  Selby  smelter.  The  introduction  of  these  im- 
provements has  much  ameliorated  the  conditions  that  formerly  ex- 
isted. The  complaints  from  the  farmers,  however,  have  not  entirely 
ceased,  and  in  March,  1918,  the  county  supervisors  of  Solano  County 
and  the  officials  of  the  Selby  Smelting  &  Lead  Co.  agreed  on  the 
appointment  of  a  commission  of  three  experts  to  investigate  and 
decide  future  questions  of  annoyance  and  nuisance  resulting  from 
the  escape  of  smelter  fumes.  This  commission  consists  of  J.  A. 
Holmes,  Director  of  the  Bureau  of  Mines;  E.  C.  Franklin,  of  the 
department  of  chemistry,  Stanford  University ;  and  Ealph  A.  Oould, 
a  chemical  engineer  of  San  Francisco.  It  has  conducted  a  long  and 
thorough  investigation  and  in  November,  1914,  submitted  its  report, 
which  is  to  be  published  as  soon  as  practicable. 
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ANALYSES  OF  MINE  AND  CAR  SAMPLES  OF  COAL  COL- 
LECTED IN  THE  FISCAL  YEARS  1911  TO  1913. 


By  Abno  C.  Fieldneb,  Howard  I.  Smith,  Albert  H.  Fay,  and 

Samuel  Sanford. 


SAMPLING  AND  ANALYTICAL  METHODS. 

By  A&NO  G.  FlELDNBR. 


INTRODUCTION, 

In  connection  with  investigations  relating  to  fuels  belonging  to  or 
for  the  \ise  of  the  United  States  Government,  the  causes  of  accidents 
in  coal  mines,  the  geologic  relations  of  coal  beds,  and  the  character 
of  the  coal  and  the  value  of  the  fuel  in  the  pubUc  lands,  many  mine 
samples  of  coal  are  analyzed  each  year  in  the  laboratories  of  the 
Bureau  of  Mines.  The  systematic  collection  and  analysis  of  coal 
samples  in  connection  with  investigations  of  fuels  was  begun  in  1904 
at  the  Government  fuel-testing  plant  at  the  Louisiana  Purchase 
Exposition,  and  was  under  the  direction  of  the  United  States  Geo- 
logical Survey  for  six  years.  Descriptions  of  the  coal  samples  col- 
lected in  connection  with  these  investigations  between  the  beginning 
of  this  work,  July  1,  1904,  and  the  transfer  of  the  fuel-testing  and 
mine-accident  investigations  to  the  Bureau  of  Mines,  Jtdy  1,  1910, 
were  compiled  and  published  in  Bureau  of  Mines  Bulletin  22.^ 

The  present  bulletin  presents  analyses  and  descriptions  of  samples 
collected  during  the  fiscal  years  1911  to  1913.  In  order  that  the 
material  in  this  bulletin  may  be  used  to  supplement  that  presented  in 
Bulletin  22,  the  same  plan  of  geographical  classification  has  been  fol- 
lowed, the  analyses  and  descriptions  of  the  samples  being  grouped  in 
alphabetical  order  according  to  the  State,  county,  and  town  near 
which  the  mines  or  prospects  sampled  are  situated. 

•  Lord,  N.  W.y  and  others:  Analyses  of  coals  in  the  United  States,  with  descriptions  of  mine  and  field 
auttpka  ooDeeted  betwwn  July  1, 1904,  and  Jime  30, 1910.  Boll.  22,  Bureau  of  Mines,  1912.  1 ,200  pp.  (in 
two  parts). 
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Samples  designated  by  the  letter  W  preceding  the  laboratory  number 
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The  collection  of  mine  samples  and  the  gathering  of  mine  data  by 
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Rice,  chief  mining  engineer  of  the  bxu'eau,  who  has  also  reviewed  the 
descriptions  and  comments  on  the  methods  of  field  sampling.  The 
descriptions  of  the  mines  and  the  sections  of  the  coal  beds  were  com- 
piled by  H.  I.  Smith  and  A.  H.  Fay,  mining  engineers,  and  Samuel 
Sanf  ord,  engineer.  The  chemical  analyses  were  made  \mder  the  direc- 
tion of  A.  C.  Fieldner,  chemist,  who  was  assisted  by  D.  I.  Brown, 
assistant  chemist;  C.  K.  Glycart,  A.  E.  Hall,  Harold  Isenberg,  W.  A. 
Mueller,  G.  G.  Oberfell,  F.  D.  Osgood,  G.  E.  Postma,  W.  A.  Selvig, 
C.  A.  Taylor,  G.  G.  Taylor,  G.  E.  Webster,  A.  M.  Wedd,  and  H.  G- 
Woodward,  junior  chemists;  W.  E.  Sxu'bled,  laboratory  assistant; 
Max  Hecht  and  Morris  Block,  laboratory  helpers.  The  junior  chem- 
ists and  laboratory  helpers  were  engaged  on  coal  analyses  for  varying 
lengths  of  time,  ranging  from  one  month  to  two  years.  The  com- 
puting and  the  tabulating  of  the  analyses  at  the  Pittsburgh  laboratory 
were  under  the  direction  of  Lauson  Stone,  engineer. 

COIiliECTION  OF  SAMPLES. 

Samples  designated  by  the  letter  A  in  the  table  of  analyses  were 
collected  by  representatives  of  the  Bureau  of  Mines,  in  connection 
with  the  investigation  of  fuels  belonging  to,  or  for  the  use  of,  the 
Government;  and  the  investigation  of  accidents  in  coal  mines.  Under 
this  designation  are  also  included  a  nimiber  of  samples  collected  by 
the  Missouri  Geological  Survey  in  cooperation  with  the  Bureau  of 
Mines. 

The  samples  designated  by  the  letter  B  in  the  table  of  analyses  were 
collected  by  the  United  States  Geological  Survey  in  connection  with 
the  study  of  the  geologic  relations  of  coal  beds  and  the  classification 
of  public  lands. 


BELATION   OF  SAMPLES  TO  COMMERCIAL  SHIPMENTS.  3 

XETHOD  OF  lONE  SAMPI^NG  FOLIiOWED  BY  BXTBBATJ  OF  lONES. 

The  method  of  collecting  mine  samples  that  is  practiced  by  the 
Bureau  of  lidines  has  been  described  in  detail  in  a  previous  publi- 
cation.** It  involves  selecting  a  representative  face  of  the  bed  to 
be  sampled;  cleaning  the  face;  making  a  cut  across  it  from  roof  to 
floor,  and  rejecting  or  including  impurities  in  this  cut  according  to 
a  definite  plan  as  they  are  included  or  excluded  in  mining  operations; 
reducing  this  gross  sample,  by  crushing  and  quartering,  to  about  3 
pounds;  and  immediately  sealing  the  3-poimd  sample  in  an  air* 
tight  container  for  shipment  to  the  laboratory. 

COLIiECTION  OF  CAB  S AMPINS. 

The  carload  lots  of  coal  shipped  to  Pittsburgh  for  test  were  sampled 
by  taking  definite  quantities  of  coal  at  regular  intervals  from  a  car 
as  it  was  unloaded,  and  by  reducing  to  convenient  size  (about  50 
poimds)  the  gross  sample  thus  obtained. 

METHOD  OF  SAMPLZNG  FOLLOWBB  BY  THE  TTNITBB  STATBS 

GEOLOGICAL  SXTBVEY. 

In  collecting  mine  samples  the  Geological  Survey  follows  essen- 
tially the  same  method  of  sampUng  as  that  used  by  the  Bureau  of 
Mines.  However,  in  sampling  outcrops  and  prospect  holes  or  coim- 
try  banks  when  mining  is  not  in  progress,  the  geologist  can  not 
imitate  the  miner  in  rejecting  or  including  impurities  in  the  sample, 
and  hence  the  sample  from  the  cut  across  the  bed  includes  all  part- 
ings or  binders  less  than  three-eighths  of  an  inch  thick  and  every 
concretion  or  "sulphur  ball"  having  a  maximum  diameter  of  less 
than  2  inches  and  a  thickness  of  less  than  one-half  inch.  All  other 
impurities  in  the  bed  are  excluded  from  the  sample.  Obviously  an 
arbitrary  and  uniform  system  of  rejecting  impurities  is  necessary 
for  sampling  outcrops,  prospects^  and  undeveloped  mines. 

BELATION  OF  MINE  SAMPLES  TO   COMMERCIAL.    SHIP- 
MENTS. 

In  making  statements,  on  the  basis  of  the  analyses  of  mine  samples, 
in  regard  to  the  quality  of  coal  shipped  from  a  mine  due  allowance 
must  be  made  for  the  larger  proportion  of  impurities  that  may  be 
included  in  the  commercial  operation  of  the  mine.  It  is  difficult  to 
take  a  mine  sample  in  which  impmities  are  rejected  in  exactly  the 
same  manner  as  is  done  by  the  miner.    The  practice  of  different 

•  Holmea,  J.  A.,  The  BampUng  of  oool  In  the  mine:  Technical  Paper  1,  Bureau  of  Wnee,  1911, 18  pp. 
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miners  will  vary,  especially  if  rigid  inspection  at  the  tipple  is  not 
enforced.  In  some  mines,  for  instance,  where  the  coal  bed  has  friable 
partings  or  has  a  soft,  flaky  roof  or  floor,  the  inclusion  of  some  foreign 
matter  is  unavoidable.  Hence  the  analysis  of  the  mine  sample 
usually  indicates  a  better  grade  of  coal,  as  regards  ash  content  and 
heating  value,  than  the  actual  commercial  shipments,  and  for  this 
reason  the  mine  sample  should  be  considered  as  representing  the 
coal  that  can  only  be  produced  under  the  most  favorable  conditions  of 
mining  and  preparation. 

In  conmiercial  shipments  that  are  sampled  at  their  destination 
the  moisture  content  may  be  either  more  or  less  than  that  in  the 
mine  samples,  the  relative  proportions  depending  on  the  amount  of  bed 
moisture,  the  size  of  the  coal,  and  the  weather  conditions  during  transit. 

Coals  containing  5  per  cent  or  more  of  moisture  tend  to  lose  mois- 
tiu'e  while  in  transit.  Slack  coal  usually  contains  more  moisture 
than  the  mine  sample.  Low-moisture  coals  shipped  in  open  cars 
may  gain  or  lose  moisture,  depending  on  weather  conditions.* 

The  calorific  value,  referred  to  moisture-free  and  ash-free  coal,  of 
samples  taken  from  shipments  at  destination,  tends  to  be  slightly 
lower  than  that  of  the  fresh  mine  samples  from  the  same  mine. 
The  deterioration  is  caused  mainly  by  the  freshly  exposed  surfaces 
of  coal  absorbing  oxygen  from  the  air.  The  rate  of  deterioration 
varies  with  the  different  types  of  coal  and  depends  on  a  number  of 
factors,  chief  of  which  are:  (1)  Size  of  coal,  (2)  proportion  of  sur- 
face exposed  to  circulating  air,  (3)  duration  of  exposure,  (4)  tem- 
perature and  humidity. 

It  is  therefore  difficult  to  assign  any  definite  values  for  deterioration 
of  coal  while  in  transit.^  A  number  of  mine  and  car  samples  tested 
by  the  United  States  Geological  Survey  and  the  Bureau  of  Mines 
showed  the  following  average  losses: 

Average  loss  in  moufture-free  and  ash-free  calorific  value  of  car  sample  as  compared  unth 

that  of  mine  sample. 

Kind  of  coal.  Per  cent. 

Semibituminous,  Now  River  and  Pocahontas 0. 1 

Bituminous,  Appalachian  field 3 

Bituminous,  Illinoisi  Indiana,  and  Missouri 8 

Subbituminous  and  lignite 1. 3 

a  For  a  comparison  of  the  moisture,  ash,  and  suJphar  contents  of  mine  and  car  samples  tested  at  the 
United  States  ftiel-testing  plant,  St.  Louis,  Mo.,  6ee  Borrows,  J.  S.,  The  importance  of  uniform  and  syste- 
matic coal-mine  sampling:  U.  S.  Oeol.  Survey  Bull.  316, 1007,  pp.  490-^500.  For  a  discussion  of  moistme 
in  coal  deliveries,  see  Pope,  O.  S.,  Sampling  coal  deliveries:  BulL  63,  Bureau  of  Idnas,  1913,  p.  12. 

ft  For  data  on  deterioration  of  coal  see  Porter,  H.  C,  and  Ovitz,  F.  K.,  Deterioration  and  spontaneooa 
combustion  of  coal  in  storage,  a  preliminary  report:  Tech.  Paper  16,  Bureau  of  Mines,  1913, 14  pp.;  The 
escape  of  gas  from  coal:  Tech.  Paper  2,  Bureau  of  Mines,  191 1,14  pp.,  1  fig.;  Parr,  8.  W.,  and  Wheeler,  W.P^ 
The  weatherfaig  of  ooal:  Unlyersity  of  lUlnoia  Eng.  Exp.  Station  BulL  88, 1909. 
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ANAIiYTICAIi  METHODS. 

The  methods  of  analysis  and  the  details  of  apparatus  used  by  the 
Bureau  of  Mines  in  analyzing  coal  are  fully  described  in  Bulletin  22  ^ 
and  Technical  Paper  8  *  of  the  Bureau  of  Mines.  They  are  briefly 
summarized  here,  certain  changes  in  minor  details,  which  are  fully 
discussed  in  Technical  Paper  76,^  being  described. 

PBEPABATION  OF  LABORATORY  SAMPI«BS. 

Immediately  after  the  sealed  3-pound  can  in  which  the  sample  is 
received  at  the  laboratory  has  been  opened,  the  contents  are  trans-' 
ferred  to  a  weighed  sheet-metal  pan,  spread  out  to  a  depth  of  1  inch, 
and  at  once  weighed.  The  pan  containing  the  sample  is  placed  iu  a 
large  drying  oven  in  which  a  temperature  of  30®  to  35°  C.  is  main- 
tained. Through  this  oven  a  current  of  warm  air  is  made  to  flow 
by  means  of  an  ordinary  desk  fan  moimted  on  top  of  the  oven,  and 
the  sample  is  dried  until  the  loss  in  weight  between  two  successive 
weighings,  made  6  to  12  hours  apart,  does  not  exceed  0.5  per  cent. 
The  total  loss  of  weight  is  reported  as  ''air-drying  loss.'' 

Lnmediately  after  the  last  weighing  has  been  made  the  entire 
sample  is  quickly  pulverized  to  10-mesh  size  by  beiug  passed  through 
a  roll  crusher.  After  having  been  mixed,  the  10-mesh  material  is 
reduced  with  a  riffle  sampler  to  500  grams.  This  500-gram  part  is  at 
once  transferred  to  the  porcelain  jar  of  an  Abbe  ball  null,  which  is 
sealed  air-tight  and  rotated  at  the  rate  of  60  revolutions  per  minute 
until  the  coal  is  pulverized  to  60-mesh  size. 

This  60-mesh  coal  is  emptied  on  a  one-half-inch  screen,  which  is 
vigorously  shaken  to  detach  the  coal  from  the  pebbles.  The  sample 
(approximately  500  grams)  is  then  reduced  to  the  final  laboratory 
sample  of  approximately  60  grams  by  successive  halvings  with  a 
small  riffle  sampler.  The  final  sample  is  put  through  the  60-mesh 
sieve  and  at  once  transferred  to  a  4-ounce  wide-mouthed  bottle, 
which  is  securely  closed  with  a  well-fitting  rubber  stopper.  Any 
particles  of  coarse  material  remaining  on  the  sieve  are  carefully 
rubbed  down  to  60-mesh  size  on  a  bucking  board  and  are  thoroughly 
mixed  with  the  sample  in  the  bottle. 

This  air-dried  sample  is  used  in  all  analytical  determinations. 

•  Lord,  N.  W.,  and  ofhen.  Analyses  of  coals  in  the  United  States,  with  descriptions  of  mine  and  field 
samples  ooUeeted  between  July  1, 1904,  and  June  30, 1910:  Bull.  22,  Bureau  of  Mines,  1913,  pp.  10-26. 

k  Stanton,  F.  H.,  and  Fk^ldner,  A.  C,  Methods  of  analyzing  coal  and  coke.  Tech.  Paper  8,  Bureau  of 
Mtnes,  1913, 42  pp. 

€  Fieldner,  A.  C,  Notes  on  the  sampling  and  analysis  of  coal:  Tech.  Paper  76,  Bureau  of  Mines,  1914, 
pp.  14-66. 
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BETBBMINATION  OF  XOISTT7BE. 

The  residual  moisture  in. the  air-dried  sample  is  determined  by 
*  heating  1  gram  in  a  shallow  porcelain  capsule^  seven-eighths  of  an  inch 
deep  and  If  inches  in  diameter,  for  one  hour  at  105**  C.  in  a  constant- 
temperature  oven  through  which  a  current  of  dry  preheated  air  is 
rapidly  passing.  The  air  is  dried  by  being  passed  through  concen- 
trated sidphuric  acid.  The  covered  capsule  is  cooled  in  a  desiccator 
over  sulphuric  acid  and  then  weighed.  The  loss  in  weight  is  called 
^'moisture  at  105°"  in  the  air-dried  coal. 

ASH  BETBBMINATION. 

The  same  sample  is  used  for  determining  ash  as  was  previously 
used  for  determining  moisture.  A  porcelain  capsule  containing  the 
sample  is  placed  in  a  cool  muffle  and  the  temperature  is  gradually 
raised  to  approximately  760**  C.     The  ignition  in  the  muffle  is  con- 


1.— Apparatus  for  detennining  volatfle  matter. 


tinued,  with  occasional  stirring  of  the  ash,  until  all  particles  of  carbon 
have  disappeared.  After  the  capsule  containing  the  ash  has  been 
cooled  in  a  desiccator  it  is  weighed  and  ignition  is  repeated  until  con- 
stant weight  (0.0005  gram  or  less)  has  been  attained. 

The  ash  content  as  determined  by  this  method  represents  the 
Ignited  mineral  residue  or  *' uncorrected  ash." 

BETBBMINATION  OF  VOLATII^B  MATTBB. 

APPARATUS. 

A  1-gram  sample  of  the  fine  (60-mesh)  coal  is  weighed  into  a  bright, 
well-burnished,  10-gram  (10  c.  c.)  platinum  crucible  (a,  fig.  1),  with 
a  close-fitting  capsule  cover,  b.    The  crucible  and  contents  are  heat«d 
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to  a  temperature  of  950^  C.  upon  a  platinum  or  nichrome  triangle  for 
seven  minutes  in  the  full  flame  of  a  No .  3  Meker  burner.  The  gas  orifice 
of  the  burner  is  adjusted  to  give  a  free-burning  flame  f rem  16  to  18  cm. 
ygh.  The  crucible  should  be  so  placed  in  the  triangle  that  its  bottom 
is  2  cm.  above  the  top  of  the  burner.  To  protect  the  crucible  from 
the  effects  of  drafts  it  is  put  in  a  sheet-iron  chimney  of  special  design. 
The  maximum  temperature,  as  measured  by  a  thermocouple  whose 
hot  junction  is  buried  in  the  coal  and  in  contact  with  the  inside  siu> 
face  of  the  bottom,  should  be  950®  C.  After  being  heated  exactly 
seven  minutes,  the  crucible  is  cooled  and  weighed.  The  loss  in  weight 
minus  the  weight  of  moisture  determined  at  105®  C.  times  100  equals 
the  percentage  of  volatile  matter. 

MODIFIED  METHOD  FOR  LIGNITES  AND  SX7BBITUMINOUS   COALS. 

Lignites  and  coals  high  in  moisture  are  heated  at  a  low  tempera- 
ture until  all  the  moisture  is  driven  out  in  order  to  avoid  mechanical 
losses  from  material  thrown  out  of  the  crucible  by  the  rapid  escape  of 
steam  and  volatile  matter.^  This  preliminary  heating  for  four  to 
six  minutes  is  followed  by  the  usual  7-minute  application  of  the  full 
flame. 

It  should  be  clearly  understood  that  the  volatile  matter  does  not 
represent  any  definite  compound  in  the  coal.  The  method  of  deter- 
mination is  wholly  conventional,  and  any  variation  in  temperature  or 
rate  of  heating  will  change  the  amoimt  of  volatile  matter  determined. 

USE   OF  THE   ELECTRIC   FURNACE. 

Since  February  26,  1913,  all  volatile-matter  determinations  at  the 
bureau's  laboratory  in  Pittsburgh  have  been  made  in  specially 
designed  electric  furnaces  of  the  vertical  type  (fig.  2).  Two  of  these 
furnaces  are  connected  in  series  and  are  controlled  by  a  single  rheostat. 
A  current  of  8  to  9  amperes  is  required  to  maintain  the  temperature 
of  each  furnace  at  950°  C.  Under  these  conditions  the  drop  in 
potential  across  the  two  furnaces  is  60  volts.  The  life  of  the  heating 
element  under  daily  operation  has  been  six  to  eight  months.  Each 
furnace  contains  a  platinum  platinum-rhodium  thermocouple  that  is 
connected  to  a  millivoltmeter  through  a  double-pole^  double-throw 
switch.  The  position  of  the  hot  junction  in  each  furnace  is  so  ad- 
justed that  the  direct  reading  of  the  temperature  scale  of  the  milli- 
voltmeter is  the  same  as  the  maximum  temperature  attained  inside 
the  crucible  as  determined  by  another  standardized  couple  whose 
hot  junction  is  in  contact  with  the  bottom  of  the  interior  of  the 

a  liord,  N.  W. :  Experimental  work  conducted  In  tbechemlcal  laboratory  of  the  United  States  fuel-testing 
plant  at  8L  Louis,  Mo.    U.  8.  OeoL  Survey  Bull.  323  (reprinted  as  BuIL  28»  Bureau  of  Mines),  pp.  6-7. 

47064**— Bull.  85—14 2 
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crucible.  In  making  this  comparison  a  nickel  cover  perforated  for 
admitting  the  thermocouple  leads  is  substituted  for  the  usual  platinum 
cover  of  the  crucible.  To  avoid  possible  contamination  of  the  ther- 
mocouple, 1  gram  of  ignited  silica  or  alumina  is  used  instead  of  coal. 

BETEBMINATION  OF  FDLBB  CARBON. 

The  fixed  carbon  content  of  the  sample  is  determined  by  calcula- 
tion— by  subtracting  the  sum  of  the  percentages  of  moistiu*e,  ash, 
and  volatile  matter  from  100. 

SX7LFHUB  BBTEBMINATION. 

Sulphur  is  determined  by  the  Eschka  method.  A  1.3737-gram 
part  of  the  air-dried  coal  is  mixed  with  6  grams  of  Eschka  mixture 
in  a  No.  1  porcelain  crucible  and  gradually  heated  in  a  muffle,  with 
free  access  of  air,  until  all  the  carbon  has  been  consumed.  The  sul- 
phur is  extracted  with  hot  water,  completely  oxidized  to  sulphate 
with  bromine  water,  and  precipitated  and  weighed  as  barium  sulphate. 

DBTEBMIKATION  OF  CA&BON  AND  HYDROGEN. 

Carbon  and  hydrogen  are  determined  by  the  usual  method  of 
combustion  in  a  current  of  oxygen.  A  0.2-gram  part  of  the  air-dried 
coal  is  burned  in  a  25-bumer  combustion  furnace  of  the  Olazer  type 
or  in  an  electrically  heated  furnace  of  the  Heraeus  type.  Complete 
oxidation  is  insured  by  passing  the  products  of  combustion  over  red- 
hot  copper  oxide.  A  layer  of  lead  chromate,  following  the  copper 
oxide,  removes  the  sulphiu-.  The  water  and  carbon  dioxide  are 
absorbed  and  weighed  in  calciimi  chloride  and  potassiimi  hydroxide 
solution  respectively.  No  correction  is  made  for  carbon  or  hydrogen 
from  inorganic  matter  in  the  coal. 

NTTBOGBN  BBTEBMINATION. 

Nitrogen  is  determined  by  the  Kjeldahl-Gunning  method.  One 
gram  of  the  air-dried  coal  is  digested  with  30  c.  c.  of  concentrated 
sulphuric  acid,  0.5  gram  of  metallic  mercury,  and  5  grams  of  potas- 
sium sulphate,  imtil  the  carbon  has  been  completely  oxidized  and  all 
the  nitrogen  has  been  converted  to  anmionium  sulphate.  After 
dilution  with  water  and  precipitation  of  the  mercury  by  the  addition 
of  potassium  sulphide,  an  excess  of  sodium  hydroxide  is  added  and 
the  ammonia  determined  by  distillation. 

DETERMINATION  OF  CAUFORIC  VALTJE. 

The  heat  of  combustion  is  determined  with  the  bomb  calorimeter. 
One  gram  of  the  air-dried  coal  is  completely  burned  in  compressed 
oxygen  gas  and  the  total  heat  evolved  is  absorbed  in  a  weighed 
quantity  of  water  in  which  the  bomb  is  immersed.    The  rise  in  tem- 
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perature  of  the  water  is  measured  with  a  thermometer  that  is  gradu- 
ated in  hundredths  of  1®  C,  and  can  be  read,  by  means  of  a  cathetom- 
eter,  to  0.002**  C. 

Corrections  are  made  for  '* radiation  losses/'  oxidation  of  nitrogen 
to  aqueous  nitric  acid,  and  oxidation  of  sulphur  dioxide  to  aqueous 
sulphuric  acid.  The  calorific  value  obtained  in  this  manner  is  the 
total  heat  of  combustion  with  water  vapor  condensed  to  liquid  water 
at  the  temperature  of  the  calorimeter,  that  is,  20®  to  25®  C. 

INTERPRETATION  OF  ANALYTICAL  RESULTS.^ 

The  coal  anal3rses  reported  in  this  bulletin  are  grouped  in  the  usual 
manner,  as  follows : 

1.  The  proximate  analysis,  including  results  of  determinations  of 
moistm^e,  volatile  matter,  fixed  carbon,  and  ash. 

2.  The  ultimate  analysis,  including  results  of  determinations  of 
carbon,  hydrogen,  nitrogen,  oxygen,  sidphur,  and  ash. 

3.  The  calorific  value,  heating  value,  or  heat  of  combustion. 

The  analysis  of  each  sample  is  given  in  three  conditions,  as  follows : 
(1)  As  received  at  the  laboratory,  (2)  computed  to  a  moisture-free 
condition,  and  (3)  computed  to  a  moisture-free  and  ash-free  cbn- 
dition. 

The  analysis  of  the  sample  "as  received"  (condition  1)  represents 
the  actual  sample  as  received  at  the  laboratory  and,  as  regards  a  mine 
sample,  represents  the  coal  as  it  occtu^  in  the  mine.  The  "moisture- 
free''  analysis  (condition  2)  represents  the  relative  composition  and 
heating  value  of  the  dry  coal;  this  form  of  analysis  is  convenient  for 
comparing  similar  coals  of  variable  moisture  content.  The  "mois- 
ture-free and  ash-free  "  analysis  represents  approximately  the  relative 
composition  and  calorific  value  of  the  dry  organic  or  combustible 
matter.  This  form  of  analysis  is  only  an  approximation  because  the 
ash  does  not  have  the  same  weight  as  the  inorganic  or  iiicombustible 
matter  in  the  coal.  However,  the  error  does  not  exceed  1.5  per  cent 
in  comparing  coals  that  do  not  vary  much  in  the  character  and  amount 
of  ash  and  sulphur. 

PROZIMATB  ANALYSIS. 

The  proximate  analysis  of  coal  originated  in  response  to  the  indus- 
trial demand  for  laboratory  tests  of  the  relative  amounts  of  certain 
compounds,  either  present  in  the  coal  or  derived  from  it,  that  affect 
its  use  as  a  fuel.  These  compounds  are  grouped  by  the  proximate 
analysis  as  follows: 

a  See  also,  Fleldner,  X.C,  Notes  on  the  sampling  and  analysis  of  ooal:  Tech.  Paper  76,  Bureau  of 
Mines,  1914,  pp.  23-67. 
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(1)  Water  or  moisture;  (2)  mineral  impurities  that  remain  in  a 
somewhat  altered  condition  as  ash  when  the  coal  is  bmrned;  (3) 
organic  or  combustible  matter,  which  is  approximately  represented 
by  the  volatile  matter  and  fixed  carbon. 

MOISTURE   CONTENT. 

The  moisture  in  coal  consists  of  (1)  extraneous  moisture,  which 
comes  from  external  sources,  such  as  underground  waters  trickling 
over  the  face  of  the  coal  bed,  through  the  coal  bed,  and,  in  places 
going  to  the  dip,  from  the  coal  shot  down  lying  in  water,  condensa- 
tion from  saturated  mine  air,  or,  as  regards  car  samples,  from  atmos- 
pheric precipitation  or  from  water  used  for  washing  the  coal,  and 
(2)  inherent  moisture,  which  is  one  of  the  products  of  the  original 
vegetable  matter  from  which  coal  is  derived. 

Analysis  does  not  differentiate  between  extraneous  and  inherent 
moisture,  because  in  air-drying  coal  not  only  is  the  extraneous  or 
superficial  moisture  removed  but  also  more  or  less  of  the  inherent 
moisture,  the  amoimt  depending  on  the  fineness  of  the  coal  and  the 
humidity  of  the  air.  The  percentage  loss  of  weight  on  air  drying 
should  be  regarded  merely  as  an  indication  of  the  relative  tendency 
of  different  coals  to  lose  moisture,  after  removal  from  the  mine,  on 
exposure  to  comparatively  dry  atmospheres. 

The  loss  of  weight  on  air  drying  at  30-35°  C,  combined  with  the 
loss  of  weight  occurring  when  the  air-dried  sample  is  heated  in  a 
current  of  dry  air  at  a  temperature  of  105®  C,  is  considered  equal  to 
the  total  moisture  in  the  coal  as  received  at  the  laboratory. 

ASH. 

Ash  is  the  incombustible  residue  left  from  complete  combustion  of 
the  coal.  It  is  derived  from  the  inorganic  matter  in  the  coal,  and  is 
composed  largely  of  compounds  of  silica,  alumina,  lime,  and  iron, 
together  with  smaller  quantities  of  magnesia,  titanium,  and  alkali 
compounds.  The  silica,  alumina,  and  titanic  oxide  are  derived  from 
sand,  clay,  shale,  and  ''slate";  the  iron  oxide  mainly  from  iron  pyrite; 
and  the  lime  and  magnesia  from  their  corresponding  carbonates  and 
sulphates. 

The  ash-forming  constituents  consist  of  (1)  "inherent"  or  "in- 
trinsic "  impurities  that  are  present  in  an  intimate  mixture  with  the 
coal  substance,  and  are  derived  either  from  the  original  vegetable 
material  or  from  external  sources  during  the  accumulation  of  coal- 
forming  plant  remains;  (2)  impurities  formed  either  during  the 
laying  down  of  the  coal  bed  or  subsequently,  which  occur  in  the  form 
of  partings,  "veins,"  and  nodules  of  clay,  shale,  P3rrite,  and  calcite; 
and  (3)  impurities  that  become  mechanically  mixed  with  the  coal  in 
the  process  of  mining,  such  as  fragments  of  roof  and  floor. 
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INHXRBNT  IHFURITIBS. 

The  percentage  of  ash  derived  from  the  intimately  mixed  impurities 
may  be  determined  by  selecting  a  sample  of  clean  lumps  of  homo- 
geneous coal,  OF;  better,  by  placing  the  coarsely  crushed  coal  in  a 
solution  of  calcium  or  zinc  chloride  with  a  specific  gravity  of  1.35. 
The  coal  will  float  and  the  heavier  extraneous  impurities  will  sink. 
In  this  way  a  sample  of  clean  coal  may  be  prepared  for  analysis.  In 
some  samples  the  percentage  of  '^ intrinsic"  ash  is  so  low  that  the 
ash  must  have  come  exclusively  from  the  original  coal-forming  vegeta- 
tion. Certain  coals  have  deposited  in  their  minute  joints  or  cleav- 
age planes  thin  flakes  of  calcite,  gypsum,  silica,  or  clay,  and  some  have 
veinlets  of  pyrite.  These  impurities  are  not  intimately  mixed  with 
the  coal  substance,  but  can  not  be  separated  from  the  coal  by  any 
commercial  methods  of  preparation.  In  some  coals,  also,  micro- 
scopic crystals  of  pyrite  are  so  distributed  that  washing  does  not 
appreciably  lower  the  sulphur  content. 

EXTRANEOUS  IMPURITIES. 

The  percentage  of  ash  derived  from  extraneous  impurities  varies 
considerably,  depending  on  the  number  and  size  of  the  partings  in 
the  seam,  the  possibility  of  separating  them  from  the  coal,  and  the 
care  with  which  the  coal  is  mined.  Such  impurities  of  this  character, 
when  in  the  form  of  ''slate"  or  bone,  may  be  removed  to  some  degree 
by  suitable  methods  of  washing,  picking,  or  screening.  The  possibil- 
ity of  improving  the  quality  of  coal  by  washing  may  be  determined  by 
the  laboratory  float-and-sink  test  already  described. 

Coal  ash,  as  determined,  usually  weighs  less  than  the  organic  matter 
from  which  it  is  produced  because  of  the  loss  of  volatile  constituents 
during  ignition.  Shale  and  clay  lose  their  water  of  hydration;  the 
carbonates  are  more  or  less  decomposed,  giving  off  carbon  dioxide,  and 
the  iron  pyrite  is  changed  to  ferric  oxide,  giving  off  sulphur  dioxide, 
either  to  the  atmosphere  or  to  the  free  calcium  oxide  that  has  been 
formed  from  the  carbonate.  In  coals  containing  calcium  carbonate 
a  large  proportion  of  the  sulphur  may  be  retained  in  the  ash  as  cal- 
cium sulphate. 

VOLATILE    MATTER    AND    FIXED   CARBON. 

The  volatile  matter  and  fixed  carbon  represent  approximately  the 
relative  proportions  of  gaseous  and  solid  combustible  matter  that  are 
obtained  from  coal  by  heating  it  in  a  closed  vessel.  The  volatile 
matter  consists  chiefly  of  the  comb]ustible  gases  hydrogen,  carbon 
monoxide,  and  methane  and  other  hydrocarbons,  and  some  non- 
combustible  gases,  as  carbon  dioxide  and  water  vapor.     The  volatile 
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matter  does  not  include  the  water  that  can  be  removed  from  the  coal 
by  heating  it  at  105°  C. 

From  the  standpoint  of  the  analyst,  950°  to  1,000°  C.  appears  to 
be  the  best  temperature  for  the  determination  of  volatile  matter,  as 
most  duplicate  determinations  made  within  those  limits  agree  within 
0.5  per  cent. 

The  residue  of  coke  left  in  the  crucible  after  the  ash  has  been 
deducted  is  reported  as  ''fixed  carbon.''  The  fixed  carbon  does  not 
represent  the  total  carbon  in  the  coal,  for  a  considerable  part  of  the 
carbon  is  expelled  as  volatile  matter,  being  in  combination  with 
hydrogen  as  hydrocarbon  or  with  oxygen  as  carbon  monoxide  and 
carbon  dioxide.  Furthermore,  fixed  carbon  is  not  pure  carbon. 
The  carbonized  residue  contains,  in  addition  to  the  ash-forming  con- 
stituents, several  tenths  per  cent  of  hydrogen  and  oxygen,  from  0.4 
to  1.0  per  cent  nitrogen,  and  approximately  half  the  sulphur  that  was 
in  the  coal.  The  terms  "volatile  matter''  or  "volatile  combustible 
matter"  and  "fixed  carbon"  do  not  represent  definite  compounds 
that  existed  in  the  coal  before  heating.  The  method  of  determination 
is  arbitrary,  and  results  are  comparable  only  when  the  temperature 
and  rate  of  heating  are  the  same.  In  general  the  sum  of  the  fixed 
carbon  and  ash  may  be  taken  as  representing  the  relative  amount  of 
coke  yield  from  coking  coals.  However,  the  conditions  under  which 
the  laboratory  determination  is  made  are  so  different  from  the  condi- 
tions in  the  commercial  manufacture  of  coke  or  gas  that  no  close 
agreement  can  be  expected.  The  slow  rate  of  heating  in  the  indus- 
trial processes  yields  several  per  cent  more  coke  than  is  obtained  in 
the  laboratory  detennination. 

SULPHUR. 

In  the  proximate  analysis  of  coal  the  sulphur  is  included  in  the 
volatile  matter,  fixed  carbon,  and  ash.  If  the  ash  contains  no  lime 
or  alkaU  oxides,  all  the  sulphur  is  distributed  between  the  volatile 
matter  and  fixed  carbon,  approximately  half  the  sulphur  being  re- 
tained by  the  fixed  carbon  and  the  remainder  escaping  with  the 
volatile  matter. 

FORMS  OP  OCCURRBNCB  IS  COAL. 

Sulphur  occurs  in  coal  (1)  as  pyrite  or  marcasite,  (2)  as  sulphate  of 
iron,  lime,  and  alumina,  and  (3)  in  combination  with  the  coal  sub- 
stance as  organic  compounds. 

In  some  coal  beds  balls,  lenses,  and  bands  ol  pyrite  are  easily  dis- 
tinguishable in  the  face  of  the  bed,  and  may  be  largely  removed  by 
breaking  up  the  lumps  of  coal  containing  them  and  by  suitable 
washing  or   picking.    In    other    beds    the  pyrite  is  disseminated 
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throughout  the  lumps  of  coal  in  vemlets  or  in  such  small  particles 
that  it  is  not  practicable  to  separate  them  from  the  lump  coal  or  even 
to  remove  them  from  the  screenings  by  washing. 

Sulphur  combined  as  sulphates  of  iron,  lime,  and  alumina  may  be 
found  in  weathered  coal.  On  exposure  to  air  pyrite  and  marcasite 
tend  to  absorb  oxygen  and  form  iron  sulphate.  Sulphur  combined 
as  sulphate  has  no  heating  value. 

Next  to  pyritic  sulphur  the  most  prominent  form  of  sulphur  in  coal 
is  that  which  occurs  in  some  organic  combination  with  the  coal  sub- 
stance. There  is  no  direct  method  of  quantitatively  determining  the 
relative  amounts  of  pyritic  and  ''organic"  sulphur.  However,  as 
regards  many  coals,  if  all  the  sulphate  sulphur  and  an  amount  of 
sulphur  sufficient  to  form  pyrite  equivalent  to  all  the  iron  in  the 
coal  be  deducted  from  the  total  sulphur,  there  yet  remains  a  consider- 
able amount  of  sulphur. 

TXLTIMATB  ANALYSIS. 

In  the  ultimate  analysis  the  composition  of  coal  is  expressed  in 
percentages  of  ash,  sulphur,  carbon,  hydrogen,  nitrogen,  and  oxygen. 
The  sum  of  these  constituents  is  taken  as  equal  to  100  per  cent.  As 
there  is  no  simple  direct  method  for  the  determination  of  oxygen,  it 
is  estimated  by  subtracting  the  sum  of  the  other  five  constituents 
from  100.  This  method  throws  the  summation  of  all  the  errors 
incurred  in  the  other  determinations  upon  the  oxygen. 

The  determination  of  carbon,  hydrogen,  and  nitrogen,  although 
requiring  experience  and  a  considerable  degree  of  skill  on  the  part  of 
the  chemist,  is  not  subject  to  the  arbitrary  conditions  that  must  be 
maintained  in  the  proximate  analysis.  As  the  chemist  is  dealing 
with  definite  chemical  elements,  he  should  be  able  to  make  duplicate 
determinations,  agreeing  within  the  foUowing  Umits:  Carbon,  0.3  per 
cent;  hydrogen,  0.07  per  cent;  nitrogen,  0.05  per  cent. 

CALIFORIC  VALtXE. 
DIRECT   DETERMINATION    IN   THE   BOMB   CALORIMETER. 

The  most  accurate  method  of  determining  the  total  heating  value 
is  by  combustion  in  a  bomb  calorimeter.  The  instrument  should  be 
carefully  standardized  by  burning  substances  of  known  calorific 
value,  such  as  the  standard  samples  of  cane  sugar,  naphthalene,  and 
benzoic  acid,  that  are  now  being  furnished  by  the  Bureau  of  Stand- 
ards. The  standardization  should  be  conducted  under  exactly  the 
same  conditions  and  with  the  same  thermometer  that  is  used  in  the 
tests.  The  use  of  calibrated  thermometers  ia  essential.  In  carefully 
conducted  calorimetric  work  the  probable  error  should  not  exceed  0.3 
per  cent,  which  corresponds  to  about  50  B.  t.  u.  in  a  high-grade  coal. 
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This  degree  of  accuracy  is  higher  than  can  be  obtained  in  the  usual 
methods  of  sampling,  the  error  introduced  by  which  oftentimes  in- 
creases the  total  error  to  100  B.  t.  u. 

CALCtlLATION  OF   CALORIFIC   VALUE    BY   DULONG^S    FORMULAS. 

Before  the  bomb  calorimeter  came  into  general  use  the  heating 
value  of  a  coal  was  frequently  calculated  from  the  ultimate  analysis 
by  one  of  Dulong's  formulas.  These  formulas,  which  are  occasion- 
ally used  in  the  bureau's  work  to  verify  results  with  the  bomb 
calorimeter,  are  as  follows: 

(1)  Calorific  value  in  calories  per  gram  =  8080C-f  34460(H- g^)-f 
2250S. 

(2)  Calorific  value  in  B.  t.  u.  per  pound  =  14544C  4- 62028(11 -~)  4- 

4050S. 

There  is  fairly  close  agreement  between  the  calorific  values  calcu- 
lated by  Dulong's  formula  and  those  determined  by  the  calorimeter. 
In  coals  of  higher  rank  than  subbituminous  the  agreement  is  usually 
within  1.5  per  cent. 

DESCRIPTIONS  OF  SAMPLES. 

The  samples  of  coal  and  the  mines  from  which  they  were  taken  are 
described  in  the  same  general  manner  as  the  corresponding  informa- 
tion was  presented  in  Bulletin  22.  The  descriptions  have  been  com- 
piled from  pubUshed  reports  or  from  the  note  books  of  the  engineers 
or  geologists  who  collected  the  samples  and  necessarily  vary  in  com- 
pleteness. The  purpose  of  the  descriptions  is  to  present  such  informa- 
tion as  bears  on  the  significance  of  the  analyses  and  to  give  supple- 
mentary details^  such  as  methods  of  mining  and  clearing  coal,  that 
may  be  of  assistance  to  Government  engineers  or  purchasing  agents 
and  to  other  persons  in  preparing  specifications  and  awarding  con- 
tracts for  fuel. 

The  names  of  the  coal  beds,  geologic  formations,  mining  districts, 
and  coal  fields  are  those  used  by  the  United  States  Geological  Survey. 
In  the  descriptions  of  the  sections  of  coal  beds,  the  word  *' shale" 
has  been  substituted  for  the  ''slate''  of  collectors  and  "bonv  coal" 
or  **bone"  for  "bone  coal." 

CLASSIFICATION  OF  COAL. 

The  usage  of  the  Survey  has  been  followed  also  in  the  classification 
of  the  coals.  The  following  statement  on  coal  classification  is  made 
by  Campbell  *  in  a  recent  report. 

a  Campbell,  H.  R.,  Analyses  of  coal  samples  from  various  fields  in  the  United  States:  U.  S.  Qeol. 
Survey  BoU.  641, 1914. 
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The  claaaification  of  cool  into  varioua  gradeQ,  such  as  bituminous,  semibituminous, 
and  lignite,  is  arbitrary  and  not  at  all  satisfactory,  but  it  is  in  common  use  in  the  United 
States,  and  it  seems  desirable  to  give  the  class  for  each  sample,  because  from  the 
analysis  one  could  not  always  determine  this  important  point.  The  classes  generally 
used  in  the  United  States  are  as  follows:  Anthracite,  semianthracite,  semibituminous, 
bituminous,  subbituminous,  and  lignite. 

ArUhracUe. — ^Anthracite  coal  is  generally  well  known,  but  in  a  systematic  classifica- 
tion it  is  generally  defined  as  a  hard  coal  having  a  fuel  ratio  (fixed  carbon  divided  by 
volatile  matter)  of  not  less  than  10.  Most  of  this  coal  comes  from  the  anthracite  fields 
of  eastern  Pennsylvania,  but  small  areas  are  known  in  some  of  the  Western  States. 

SemianthraciU. — Semianthracite  coal  has  a  fuel  ratio  ranging  from  6  or  7  to  10. 
There. is  only  a  small  amount  of  this  coal  in  the  United  States. 

Semibituminous. — Semibituminous  coal  is  of  great  commercial  importance,  but  is 
not  widely  distributed.  Its  fuel  ratio  ranges  from  3  to  6  or  7.  It  is  the  best  steam 
coal  in  the  country,  and  some  of  it  can  be  utilized  in  the  manufacture  of  coke.  The 
centers  of  production  are  the  Pocahontas  and  New  River  fields  of  Virginia  and  West 
Virginia,  Georges  Creek  field  of  Maryland,  Windber  field  of  Pennsylvania,  and  the 
western  end  of  the  Arkansas  field  in  the  vicinity  of  Fort  Smith.  Though  small  areas 
containing  this  grade  of  coal  have  been  found  in  Washington  and  Colorado,  the  amount 
of  such  coal  in  these  fields  is  small. 

BUwninaus. — Bituminous  coal  is  the  most  important  grade  in  the  country  and  in- 
cludes most  of  the  coals  east  of  the  Rocky  Mountains.  In  the  Western  States  there  are 
large  areas  of  bituminous  coal,  such  as  the  Trinidad-Raton  field  of  Colorado  and  New 
Mexico;  the  Grand  Hogback  field  of  Colorado;  the  Book  ClifEs  field  of  Utah;  the  Rock 
Springs,  Kemmerer,  and  Black  Hills  fields  of  Wyoming;  the  Great  Falls  field  of 
Montana;  and  many  districts  of  Washington.  This  grade  furnishes  most  of  the  coking 
coal  of  the  country,  and  it  is  laigely  sold  for  steam  raising  and  for  domestic  use. 

SvJbbituminous. — The  term  '^subbituminous"  has  been  adopted  by  the  United 
States  Geological  Survey  for  what  has  generally  been  called  ''black  lignite.'*  Tfie 
latter  term  is  objectionable,  for  the  reason  that  the  coal  is  not  lignitic  in  the  sense  of 
being  woody,  and  the  use  of  the  term  seems  to  imply  that  the  coal  is  little  better  than 
the  brown,  woody  lignite  of  North  Dakota,  whereas  many  of  the  coals  of  this  class 
closely  approach  the  lowest  grade  of  bituminous  coal.  In  fact,  it  is  extremely  difiicult 
to  separate  this  class  from  the  one  below  and  the  one  above.  It  is  generally  distin- 
guished from  lignite  by  its  color  and  freedom  from  apparent  woody  texture  and  from 
bituminous  coal  by  the  slacking  it  undergoes  when  exposed  to  the  weather.  As  the 
latter  is  an  important  difference  in  commercial  use,  it  has  been  adopted  by  the  Geolog- 
ical Survey  as  the  criterion  for  the  separation  of  subbituminous  and  bituminous  coals. 

Subbituminous  coal  is  found  in  most  of  the  western  fields,  being  well  known  in  the 
field  about  Boulder  and  Denver  and  in  North  Park,  Colo.;  Gallup,  N.  Mex.;  Hanna, 
Douglas,  Sheridan,  and  the  Bighorn  Basin,  Wyo.;  Red  Lodge  and  Musselshell,  Mont., 
and  in  many  of  the  districts  of  Washington  and  Oregon. 

Lignite. — ^As  used  by  the  Geological  Survey  the  term  "lignite"  is  restricted  to  the 
coals  that  are  distinctly  brown  and  generally  woody.  They  are  intermediate  in 
quality  between  peat  and  subbituminous  coal.  Lignite  is  abundant  in  the  North  in 
eastern  Montana  and  North  Dakota  and  in  the  northwest  comer  of  South  Dakota.  In 
the  South  it  is  present  in  ail  of  the  Gulf  States,  but  it  has  been  developed  commercially 
only  in  Texas. 

TABULATED  ANALYSES. 

On  the  following  pages  are  given  the  analyses  of  the  samples  of 
coal  collected  during  the  period  covered  by  this  report.  • 

In  the  first  column  of  the  table,  locations  of  samples  are,  for 
brevity,  not  worded  as  in  the  detailed  descriptions  (pp.  147-405). 
The  word  "cuf  denotes  thickness  of  coal  sampled. 
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DESCRIPTIONS  OP  SAMPLES. 


AI4ABAMA. 

JB7FEBSON  COT71IT7. 
Ltttlbton.    Bannsb  Minb. 

^ompfe.— Bituminous  coal;  Warrior  field;  analyses  Nos.  12083, 12064,  12065,  and 
12086  (p.  17). 

Mine, — ^Banner,  a  shaft  (originally  a  slope)  mine  near  Littleton,  about  20  miles  north- 
west of  Birmingham,  on  the  Oane  C^eek  division  of  the  Louisville  A  Nashville  Railroad. 

Coal  bed, — ^Big  or  Mary  Lee.  Carboniferous  age,  Pottsville  group.  This  same  bed  is 
worked  at  Palos,  Ala.  Thickness  about  10  feet.  The  bed  is  practically  horizontal, 
the  dip  being  1  to  2  per  cent.  Hie  bed  is  overlain  by  sandstone  and  the  floor  is 
shale.  Near  the  center  of  the  bed  is  a  stratum  of  hard  gray  shale  18  to  22  inches  thick, 
known  as  "middleman. "  Hie  bed  was  measured  and  sampled  at  three  points  in  the 
mine  by  J.  J.  Rutledge,  on  April  26,  1911,  as  described  below  : 

SecUone  0/  coal  bed  in  Banner  mine. 


Section 

A 

12083 

Ft,  in. 

1     2 

oO     1 

0  8 

•  •        «  • 

1  8 

a  •           •  • 

•  •            •  • 

OO      1 

0     6 

al      6 

2  8 
0      1 

0  n 

8    111 

B 

12064 
Ft.  in, 
1     4 
OO     1 

0  8 
oO     8 

1  4 
oO     1 

0  4 
oO     1 

0  6 
al      9 

2  7 
OO     2 

0     9 

10     4 
7     8 

c 

TifiNwatory  No                                                                            .  ^  . 

12065 

Roof,  sandstooe. 

Coal 

Ft.  in, 
I     2 

Rhalfl.  Bvr. T ,,r. 

oO      1 

uucaav,  e««^  ........................................................... 

Coal 

0     7 

R^mM*.  hard.  rny. . .  x x  -  x r , ,  - , , , , 

aO    10 

"""■'*       ^    *■!  0"  "*  .................................... ................. 

Coal 

1      9 

"Snlphnr" 

"Sulnbar"  ("slate'') 

oO      1 

Coal ... 

0     8 

Shal*.  hard.  bt»t .  -  . t  -  -  r . 

al      9 

Coal 

2      7 

Shale,  crav 

0      1 

Coal 

0      7 

Floor,  shale. 

ThipkiMss  of  hed x.r .. 

10     0 

ThkkiMMff  of  cnal  sampled 

7     4 

a  Not  fndaded  hi  sample. 

Section  A  (sample  12083)  was  cut  from  the  rib  near  the  mouth  of  room  4,  off  right 
entry  5,  2,000  feet  east  of  shaft  No.  1. 

Section  B  (sample  12084)  was  cut  from  the  rib  near  the  mouth  of  room  2,  off  left 
entry  8,  2,400  feet  east  of  shaft  No.  1. 

Section  0  (sample  12085)  was  cut  from  the  right  rib  of  the  main  slope,  at  the 
mouth  of  left  entry  9,  2,700  feet  east  of  shaft  No.  1. 

A  composite  sample  was  made  by  combining  face  samples  12083, 12084,  and  12085. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  Laboratory  No. 
12086. 

Notes. — ^Ilie  room-and-pillar  system  of  mining  is  used.  At  the  time  of  sampling  the 
coal  was  undercut  by  electric  chain  machines  and  shot  down  with  a  permissible  explo- 
sive. The  output  was  about  1,000  tons  a  day,  all  of  which  was  from  advance  work- 
ings.   In  advance  workings,  about  40  per  cent  of  the  coal  was  taken  out. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Creol.  Survey 

Bull.  285,  1906,  p.  216. 
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Morris.    Indio  Mine. 

Sample.— BitananouB  coal;  Warrior  field;  analyses  Nos.  16683,  16684, 16685,  16686, 
and  16687  (p.  17). 

Mine. — ^The  Indio  mine  is  opened  by  a  shaft  186  feet  deep,  and  is  4  miles  east  of 
Morris,  on  the  Louisville  &  Nashville  Railroad. 

Coal  bed. — Jefferson.  Carboniferous  age.  Black  Creek  formation.  Thickness,  4  feet 
to  4  feet  8  inches.  The  bed  lies  practically  horizontal  and  has  two  characteristic  shale 
partings,  one  near  the  bottom  and  one  near  the  top.  Roof,  shale,  with  a  sandstone 
cap  rock.  The  shale  occasionally  came  down  with  the  coal  and  particles  of  the  roof 
got  mixed  with  the  coal  in  loading.  The  floor  is  a  hard,  smooth  shale,  particles  of  which 
did  not  get  mixed  with  the  coal  in  mining. 

•   The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  E.  B.  Sutton  and 
J.  W.  Webb,  on  March  28,  1913,  as  described  below: 

Sections  of  coal  bed  in  Indio  mine. 


Sections. 

Laboratory  No 

Roof,  shale. 

Coal 

Shale 

Coal 

Shale 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


aNot  Included  In  sample. 

Section  A  (sample  16683)  was  measured  at  the  face  of  room  7,  off  the  fifth  left  south 
entry. 

Section  B  (sample  16684)  was  measured  at  the  face  of  room  4,  off  the  seventh  rig^t 
north  entry. 

Section  C  (sample  16685)  was  measured  at  the  neck  of  room  4,  off  the  sixth  right 
south  entry. 

Section  D  (sample  16686)  was  measured  at  the  intersection  of  the  main  south  air 
course  and  the  sixth  left  south  entry. 

A  composite  sample  was  made  by  combining  face  samples  16683  to  16686,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
16687. 

Notes. — ^At  the  time  the  mine  was  visited  the  coal  was  shot  off  the  solid  with  permis- 
sible explosives.  Black  powder  was  used  for  brushing  the  floor  and  roof.  The  coal 
was  all  shipped  as  run-of-mine.  The  average  daily  output  was  275  tons.  There  was 
about  100  acres  to  be  mined  from  this  opening. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  GeoL  Survey 
Bull.  285, 1906,  p.  219. 

ST.  CLAIB  COUNTY. 


A 

B 

C 

16683 

16684 

16685 

Ft.   in. 

Ft.    in. 

Ft.    in. 

0  7 

0   8 

0  8^ 

oO  2 

aO   3 

OO  6 

1   6 

1   7 

1  2 

«1   8 

al   8 

al  3 

0  6 

0   6 

0  6 

4  6 

4   8 

t  4 

2   7 

2  9 

Coal  CriY.    Coal  Branch  Mine. 

Sample. — ^Bituminous  coal;  Coosa  Basin  field;  analyses  Nos.  12440,  12441,  12442, 
and  12443  (p.  18). 

Mine. — Coal  Branch,  a  slope  mine  at  Coal  City,  on  the  Seaboard  Air  Line  Railway. 

Coal  bed. — Coal  City.  Carboniferous  age,  Pottsville  group.  Thickness,  2  feet  10 
inches  to  5  feet;  roof,  weak  calcareous  shale;  floor,  hard  shale. 


ALABAMA:  ST.   CLAIB  COUNTY. 


149 


The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  Charles  Butts 
on  July  21, 1911,  as  described  below: 

Section  of  coal  bed  in  Coal  Branch  mine. 


nARufHA  ..i.. ........-..-_-.>....■>>...■.■■>■■..••>■■•-■•. -->«>■*•••■>■•••>« 

A 

12440 
Ft.  <». 
4    10 
aO     2 

6      0 
4    10 

B 
.  12441 
Ft.  in. 
3    10 

C 

LabontofT  No 

12442 

Roof,  shale. 

Coal 

Ft,  In. 
2    10 

"Rash"             

Fioor.  shale,  hard. 

TnlrlmeJwof  had.,,, 

3    10 
8    10 

2    10 

ThiokTKWR  of  ooal  sampled r . , , , . . 

2    10 

a  Not  indnded  in  sample. 

Section  A  (sample  12440)  was  measured  in  the  first  left  room  off  twenty-sixth  entry, 
3,000  feet  north  of  the  slope  mouth. 

Section  B  (sample  12441)  was  measured  at  the  end  of  thirty-fourth  entry,  2,800  feet 
north  of  the  slope  mouth. 

Section  0  (sample  12442)  was  measured  at  the  end  of  room  32,  3,000  feet  northeast 
of  the  slope  mouth. 

A  composite  sample  was  made  by  combining  face  samples  12440,  12441,  and  12442. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12443. 

Coal  City.    Vulcan  No.  4  Mine. 

Sample. — ^Bituminous  coal;  Coosa  Basin  field;  analyses  Nos.  12436,  12437,  12438, 
12439  (p.  18). 

Mine. — ^Vulcan  No.  4;  a  slope  mine  at  Coal  City,  on  the  Seaboard  Air  Line  Railway. 

Coal  bed. — ^Broken  Arrow.  Carboniferous  age,  Pottsville  group.  Thickness,  3  feet 
6  inches  to  4  feet  9  inches. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  Charles  Butts 
on  July  21, 1911,  as  described  below: 

Section  of  coal  bed  in  Vulcan  No.  4  mine. 


Laboratory  No. 
Roof,  shale. 

Coal,  bony. 

Clai 


UJay. 
Coal. 


l,bOOT 

Coal,  hard 

Coal,  soft 

Coal,rashy,  ''mining".... 
Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


A 

B 

12436 

12437 

Ft.  in. 

Ft.  in. 

aO     3 

aO       5 

oO     34 
SO     Z\ 

aO       6 

aO       3 

1    .- 

0      10 

1      6 

1      10 

0     9} 

1       0 

4      IJ 

4       9 

3     3i 

3       8 

c 

12438 
Ft.  in. 
OO      4 


oO 

OO 

0 

1 

0 


3i 

3 

9 
10 
10 


4      3i 
3      6 


a  Not  included  In  sample. 

Section  A  (sample  12436)  was  measured  in  room  21,  off  second  left  heading,  750  feet 
southeast  of  the  mine  mouth. 

Section  B  (sample  12437)  was  measured  1,100  feet  east  df  the  mine  mouth. 

Section  C  (sample  12438)  was  measured  in  room  15,  off  second  left  heading,  600  feet 
south  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  12436,  12437,  and  12438. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12439. 


*  \ 


I  ■ 


150 


ANALYSES  OF  GOAL. 


8HBLBT  OOTJNTY. 

Stratbn.    Strayen  Mine. 

Sample. — ^BituminouB  coal;  Cahaba  field;  analyses  Nos.  14391  and  14392  (p.  18). 

Mine. — Straven,  a  slope  mine  in  sec.  7,  T.  218.,  R.  3  W.,  at  Straven,  on  the  Mobile 
blanch  of  the  Southern  Railway. 

Coal  bed. — ^Upper  Straven.  Carboniferous  age,  Pottsville  group.  Thickness,  5 
feet  6|  inches. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  Charles  Butts  on 
June  14, 1912,  as  described  below: 

Section  of  coal  bed  in  Straven  mine. 


LAbontoryNo 

Boof.diAlB. 

OmI,  raoh.  and  diAle 

Coal,  hard 

Parting  (knife  edge  to  4  indies  of  rash  or  soft  ooal) 

Coal 

Clay 

Coal,  softer  than  upper  bench 

Floor,  clay: 

ThftBloieaBofbed 


{ 


14391 
14392 

J^.    In. 

ao      8 

ftO    10) 


b2 
oO 
el 


n 


•  Excluded  from  samples. 


b  Included  in  sample  14391. 


c  Included  in  sample  14392. 


The  section  was  measured  near  the  end  of  the  slope,  2,000  feet  north  of  the  slope 
mouth. 

Notes. — ^The  coal  was  hard  and  bright.  At  the  time  of  sampling,  the  coal  was  sold 
as  run-of-mine  for  domestic  and  steam  purposes. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  39,  351. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Sur\''ey  Bull, 

431, 1909,  p.  140. 

TUSCALOOSA  OOTTNTT. 

Abermant.    Abernant  Mine. 

Sample. — ^Bituminous  coal;  Warrior  field;  analysis  No.  14717  (p.  19). 

Mine. — ^Abernant,  a  slope  mine  in  sec.  18,  T.  20  S,  R.  6  W.,  at  Abernant,  seven-eighths 
of  a  mile  south  of  Yolande. 

Coal  bed. — Jagger.  Carboniferous  age,  Pottsville  group.  Thickness  of  coal  mined, 
6  to  7  feet;  dip,  14^  NW.  The  coal  has  no  cleat,  but  has  several  shale  partings.  Roof- 
shale,  which  sometimes  comes  down  and  gets  mixed  with  the  coal  in  mining;  above 
the  shale  is  a  sandstone  cap  rock.  Floor,  hard  blue  sandstone,  which  did  not  mix 
with  the  coal  in  loading. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  E.  B.  Sutton  on 
August  15,  1912,  as  described  below: 

Section  of  coal  bed  in  Abernant  mine. 
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a  Not  included  In  sample. 
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Section  A  (sample  14717)  was  measured  at  the  face  of  right  entry  13. 

Notes. — ^At  the  time  the  mine  was  sampled  the  coal  was  undercut  by  hand  and  blasted 
down  with  a  permissible  explosive.  The  tipple  was  a  wooden  structure.  All  coal 
was  shipped  as  run-of-mine.  Two  men  were  employed  to  trim  the  coal  and  pick 
"slate  "  from  the  cars.  The  average  daily  output  was  300  tons  a  day,  with  a  capacity 
of  500  tons. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  39,  352. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  260, 1905,  p.  375,  and  Bull.  400, 1910,  p.  170. 

AliASKA. 

ALASKA  PENINSTTLA. 

Chionik  Bay.    Warner  Claim. 

Sample. — Bituminous  coal;  Alaska  Peninsula  field;  analysis  No.  12742  (p.  19). 

Mine. — ^Warner  claim,  Chignik  Bay. 

Coal  bed. — Not  named.    Cretaceous  age,  Chignik  (?)  formation. 

Notes. — Sample  12742  was  taken  at  the  Warner  claim  on  November  1,  1911.  No 
further  information  available. 

The  coal  beds  of  the  Chignik  Bay  region  are  described  in  U.  S.  Geol.  Survey  Bull. 
467, 1911,  p.  109. 

BEBING  BIVBB. 

Barrett  Creek.    Cunningham  Claims. 

Sample. — Semibituminouscoal;  Bering  River  field;  analysis  No.  12716  (p.  19). 

Locality. — Cunningham  claims,  on  Barrett  Creek. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Kushtaka  formation.  Thickness,  about  5  feet. 
A  number  of  beds  outcrop  on  this  creek. 

Notes. — ^The  bed  was  sampled  on  November  4,  1911.  The  sample  was  taken  at  an 
outcrop  on  Barrett  Creek,  three-fourths  of  a  mile  above  its  junction  with  Clear  Creek. 
The  bed  was  about  5  feet  thick  at  this  point. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  Report  on  Coal  in  Alaska 
for  Use  in  United  States  Navy:  House  Document  No.  876,  1914,  p.  38. 

Barrett  Creek.    Cunningham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12709  (p.  19). 

Locality. — Cunningham  claims,  Barrett  Creek. 

Coal  bed. — Unnamed.  Tertiary  age,  Kushtaka  formation.  Thickness  about  2  feet. 
This  bed  lies  above  the  bed  represented  by  sample  12716. 

Notes. — ^The  bed  was  sampled  at  one  point  on  November  3, 1911.  The  sample  was 
taken  at  a  point  about  100  feet  up  the  creek,  measured  across  the  dip,  from  the  place 
where  sample  12716  was  taken .    The  bed  was  about  2  feet  thick  at  the  point  sampled. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  Report  on  Coal  in  Alaska 
for  Use  in  United  States  Navy:  House  Document  No.  876, 1914,  p.  38. 

Barrett  Creek.    Cunningham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12707  (p.  19). 
Locality. — Cunningham  claims  on  Barrett  Creek. 

Coal  bed. — ^Unnamed  bed.  Tertiary  age,  Kushtaka  formation.  The  bed  outcrops 
above  the  one  represented  by  sample  12709. 
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Notes. — ^The  bed  wae  sampled  at  one  point  on  November  3,  1911.  The  sample  was 
taken  at  a  point  15  to  20  feet,  measured  across  the  strike,  above  the  bed  represented  by 
sample  12709. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Goal  in  Alaska 
for  Use  in  United  States  Navy:  House  Document  No.  876, 1914,  p.  38. 

Barbbtt  Obeek.    CuNNmoHAM  Claims. 

Sample, — Semibituminous  coal;  Bering  River  field;  analysis  No.  12708  (p.  19). 

LocaJtwn. — Cunningham  claims  on  Barrett  Creek. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Kushtaka  lonnation.  The  bed  lies  between 
the  beds  represented  by  samples  12707  and  12714. 

Notes. — ^The  bed  was  sampled  at  one  point  on  November  3, 1911.  The  sample  was 
taken  from  an  outcrop  on  the  creek,  at  a  point  between  the  third  and  fifth  seams,  about 
350  feet,  measured  along  the  creek,  or  between  100  and  125  feet,  measured  across  strike, 
below  fifth  bed,  and  probably  between  100  and  150  feet,  measured  across  strike,  above 
the  third  bed  (noted  from  memory). 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in  Alaska 
for  Use  in  United  States  Navy:  House  Document  No.  876,  1914,  p.  38. 

Barbett  Cbbbk.    Cunningham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  Nos.  12710  and  12714 
(p.  19). 

Locality. — Cunningham  claims  on  Barrett  Creek. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Kushtaka  formation. 

Notes. — ^The  bed  was  sampled  at  two  points  on  November  4, 1911 .  Sample  12714  was 
taken  from  an  outcrop  east  of  Barrett  Creek,  about  350  feet  up  the  creek,  and  about  125 
to  150  feet,  measnired  across  the  strike,  from  the  fourth  bed  on  this  creek,  and  represents 
3  to  4  feet  of  coal  next  the  roof  or  hanging  wall  opposite  the  part  represented  by  sample 
12710.    There  was  a  band  of  shale  in  the  middle  of  the  bed  1  to  4  feet  thick. 

Sample  12710  was  taken  between  the  foot  wall  or  floor  and  the  band  of  shale  in  the 
middle  of  the  bed,  and  represents  a  bench  of  coal  about  3  feet  thick. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in 
Alaska  for  Use  in  United  States  Navy:  House  Document  No.  876,  1914,  p.  38. 

Babbbtt  Cbeek.    Cunningham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12718  (p.  19). 

Locality. — Cunningham  claims,  on  Barrett  Creek. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Kushtaka  formation. 

Notes. — ^The  bed  was  sampled  at  one  point  on  November  4, 1911.  Sample  12718 
was  taken  20  to  30  feet,  measured  across  strike,  above  points  where  samples  12710 
and  12714  were  taken,  about  three-quarters  mile  above  mouth  of  creek. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in 
Alaska  for  Use  in  United  States  Navy:  House  Document  No.  876,  1914,  p.  38. 

Babbett  Cbeek.    Cunningham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12712  (p.  19). 

Locality. — Cunningham  claims,  on  Barrett  Creek. 

Coal  bed. — Unnamed.    Tertiary  age,  Kushtaka  formation. 

Notes.— The  coal  bed  was  sampled  on  November  3,  1911.  The  sample  was  taken 
from  a  point  about  l50  feet,  measured  upstream,  or  50  feet,  measured  acraas  the  strike, 
from  points  where  samples  12710  and  12718  were  taken. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in 
Alaska  for  Use  in  United  States  Navy:  House  Document  No.  876,  1914,  p.  38. 
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Branch  of  Clsar  Cbesk.    Cunningham  Claims. 

Sample. — SemibituminouB  coal;  Bering  River  field;  analysiB  No.  12711  (p.  19). 

Localiiy. — Cumdngham  claimB,  on  creek  which  empties  into  Clear  Creek  about 
1,000  feet  above  mouth  of  Barrett  Creek. 

Coal  bed. — Unnamed.  Tertiary  age,  Kuahtaka  formatioli.  Thickness  at  outcrop, 
15  feet.    The  coal  in  the  bed  was  crushed. 

Notes. — ^The  bed  was  sampled  on  November  3,  1911.  The  sample  was  taken  at  a 
point  about  3,000  feet  northeast  of  the  point  on  Barrett  Creek  where  sample  12712  was 
taken. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in 
Alaska  for  Use  in  United  States  Navy:  House  Document  No.  876,  1914,  p.  38. 

Carbon  Mountain.    No.  1  Opening. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12732  (p.  19). 

Locality. — ^No.  1  opening,  on  Carbon  Mountain. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Kushtaka  (?)  formation. 

Notes. — ^The  bed  was  sampled  on  November  7, 1911,  at  No.  1  opening.  The  bed  or 
lens  was  10  or  12  feet  thick  at  this  point. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in 
Alaska  for  Use  in  United  States  Navy:  House  Document  No.  876,  1914,  p.  45. 

Clear  Creek.     Outcrop. 

Sample. — Semianthracite  coal;  Bering  River  field;  analyses  Nos.  12713,  12715,  and 
12717  (p.  20). 

Locality. — Clear  Creek,  4)  miles  from  mouth  of  creek. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Kushtaka  formation. 

Thickness,  10  to  13  feet.  The  bed  outcrops  just  below  the  main  (lower)  falls  on 
Clear  Creek,  about  4)  miles  above  the  mouth  of  the  creek,  in  the  east  wall  of  the  goige, 
and  had  not  been  fotmd  in  the  west  wall.  The  hanging  wall  or  roof  is  3  to  4  feet  of 
diabase  sill. 

Just  below  the  diabase  sill  or  roof  is  a  layer  of  natural  coke,  6  to  10  inches  thick. 

Notes. — ^Three  samples  were  taken  from  this  bed  on  November  4,  1911.  Sample 
12713  represents  the  layer  of  natural  coke.  Sample  12715  represents  6  to  8  inches  of 
the  coal  next  to  the  coke.  Sample  12717  represents  coal  from  the  main  part  of  the 
bed. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in 
Alaska  for  Use  in  United  States  Navy :  House  Document  No.  876,  1914,  p.  41. 

Cunningham  Claim. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12739  (p.  20). 
Locality. — Cunningham  claim. 
Coal  bed. — Unnamed. 

Notes. — ^The  bed  was  sampled  on  November  8,  1911.    The  sample  was  taken  at 
the  first  crosscut  off  the  entry. 
No  further  information  available. 

Glacier  Crebk. 

Sample. — ^Anthracite;  Bering  River  field;  analysis  No.  12734  (p.  20). 

Locality. — Glacier  Creek. 

Notes, — ^This  sample  was  taken  on  November  8, 1911,  from  a  bowlder  of  anthracite 


154  ANALYSES  OF  COAL. 

Habtune  No.  1  Minb. 

jSompZtf.— Semibituminous  coal;  Bering  River  field;  analysifl  No.  12724  (p.  20). 
Mine. — Hartline  No.  1. 

JVbtea.— The  bed  waa  sampled  at  one  point  on  November  6, 1911.    No  further  infor- 
mation available. 

Hartune  No.  2  Mine. 

Sample. — Semibituminous  coal;  Bering  River  field;  analyoB  No.  12726  (p.  20). 
Mine. — ^Hartline  No.  2. 

Notes. — ^The  bed  was  sampled  at  one  point  on  November  6, 1911.    No  further  infor- 
mation available. 

Hartune  No.  3  Mine. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12725  (p.  20). 
Mine. — ^Hartline  No.  3. 

Notes. — ^The  bed  was  sampled  at  one  point  on  November  6, 1911.    No  further  infor- 
mation available. 

Hartunb  No.  4  Mine. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12727  (p.  20). 
Mine. — ^Hartline  No.  4. 

Notes.— The  bed  was  sampled  at  one  point  on  November  6, 1911.    No  further  infor- 
mation available. 

Hartune  No.  5  Mine. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12728  (p.  20). 
Mine. — ^Hartline  No.  5. 

Notes. — ^The  bed  was  sampled  at  one  point  on  November  7,  1911.    No  further  infor- 
mation available. 

Hartune  No.  6  Mine. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12723  (p.  20). 
Mine. — ^Hartline  No.  6. 

Notes. — ^The  bed  was  sampled  at  one  point  on  November  6, 1911.    No  further  infor- 
mation available. 

Hunts  Mine. 

iSampfe.— Semibituminous  coal;  Bering  River  field;  analysis  No.  12729  (p.  20). 
Notes. — ^A  sample  was  taken  at  the  mine  on  November  7, 1911.    No  further  informa- 
tion available. 

Mount  Ann.    Top  op  Mountain. 

/Sample.— Anthracite;  Bering  River  field;  analyses  Noe.  12719  and  12733  (p.  20). 
Locality. — Mount  Ann. 

Notes. — Sample  12719  was  taken  near  the  top,  and  sample  12733  at  the  top,  of  Mount 
Ann  on  November  7, 1911. 

Mount  Ann.    Sede  op  Mountain. 

Sample. — Semianthracite  coal;  Bering  River  field;  analysis  No.  12720  (p.  20). 

Locality. — Mount  Ann. 

Notes.— Tbia  sample  was  taken  on  the  side  of  Moimt  Ann  on  November  4,  1911. 
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Mount  Hamilton.    McDonald  Minb. 

Sample, — SemibitumiBouB  coal;  Bering  River  field;  analyaia  Nos.  12722,  12730, 
and  12731  (p.  21). 

Mine, — ^McDonald,  one-half  mile  south  of  U.  S.  L.  M.,  Christopher  group,  near 
south  line,  top  of  ridge,  on  Mount  Hamilton. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Kuahtaka  formation.  Thickneas  about  15  feet. 
Nearly  vertical. 

The  bed  was  sampled  at  three  points  in  the  mine  on  November  6,  7,  and  8,  1911. 
Sample  12722  was  taken  at  the  face  of  the  entry.    No  further  information  available. 

St.  Mabts  Creek.    Hartline  No.  7  Mine. 

Sample, — Semibituminous  coal;  Bering  River  field;  analysis  No.  12721  (p.  21). 
Mine, — ^Hartline  No.  7. 
Coal  bed. — ^Unnamed.    Tertiary  age. 

Notee. — The  bed  was  sampled  at  one  point  on  November  6, 1911.  No  further  infor- 
mation available. 

Trout  Crbbk.    Cunningham  Prospect  Tunnels  No.  4  and  No.  5. 

i^omp^.— Semibitumious  coal,  analyses  Nos.  15355,  15356,  15357,  15358,  15359,  and 
15360  (p.  21). 

Locality. — Prospect  tunnels  No.  4  and  No.  5,  on  the  Cunningham  claims,  about  one- 
fourth  of  a  mile  down  the  creek  from  the  Cunningham  cabin  on  Trout  Creek.  No.  4 
tunnel  is  about  100  feet  below  No.  5  tunnel. 

Coal  bed, — Unnamed  bed .  Tertiary  age,  Eushtaka  formation.  The  thickness  of  the 
bed  as  mined  in  these  tunnels  average  6  feet  9  inches.  The  roof  was  a  treacherous 
shale;  the  floor  a  sandstone. 

The  bed  was  measured  and  sampled  at  four  points  in  tunnel  No.  4  and  at  two  points 
in  tunnel  No.  5  by  W.  A.  Selvig  on  November  12  to  22,  1912,  as  described  below: 

Section  of  coal  bed  in  prospect  tunnel  No.  4,  Cunningham  claims  Trout  Creek. 


Seetkm 

LatMntoiy  No 

Roof;  shale,  sandstone,  and  coal. 

Coal 

Gbarooal,  dirt,  and  shale 

Ckial 

Charooal,  shale,  and  "sulphur" 

Coal 

Floor,  sandstone  and  ooal. 

Thtekness  of  bed 

ThJckness  of  ooal  sampled 


A 

B 

C 

15355 

15356 

15357 

Ft.  M. 

Ft.  in. 

1^.  in. 

2   8 

2   5 

•  ■  •     •  • 

aO   2i 

aO   5 

a2   3 

1   2 

1   8 

5   8} 

oO  \\ 

aO   4 

aO   % 

1   6 



2   7j 

5   8 

4   10 

10   7J 
8   3} 

6   4 

4   1 

D 
15358 
Ft.  in. 


1 
aO 

1 
aO 

3 

7 
6 


0 

6 

11 

3 

8 

3 

7 


o  Not  included  In  sample. 

Section  A  (sample  15355)  was  measured  in  the  chute  between  timber  sate  19  and  20, 
76  feet  from  the  drift  mouth  and  10  feet  from  the  entry. 

Section  B  (sample  15356)  was  measured  on  the  rib  of  the  right  crosscut  between  timber 
sets  18  and  19,  72  feet  from  the  drift  mouth  and  17  feet  from  the  entry. 

Section  C  (sample  15357)  was  measured  on  the  rib  near  the  face  of  the  right  crosscut 
between  timber  sets  11  and  12,  44  feet  from  the  drift  mouth. 

Section  D  (sample  15358)  was  measured  in  the  right  crosscut  between  timber  sets 
25  and  26, 100  feet  from  the  drift  mouth  and  11  feet  from  the  entry. 
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Section  of  coal  bed  in  prospect  tunnel  No,  5y  OunmnpAom  claim,  Tro/uJt  Creek. 


Section 

▲ 
15850 
FtM. 

2     8 
•0     8 

2     7 
«1      7 

•  ■  •        •  • 

7     « 
5     3 

B 

Laboratory  No 

15S80 

Roof,  Bhan  and  ooal. 

Coal 

FLin. 

8hAl«  and  dirt ,.. 

Coal 

A     0 

Charcoal  and  Bhal4^ 

ol      7 

Coal 

1      3 

Floor:  ooal. 

'f'htelmfwp  of  h^ . ,                         

6    10 

'Tbift^knfff?  of  coal  sampled 

5      3 

a  Notindnded  in  sample. 

Section  A  (aample  15359)  waa  measured  in  the  chute  to  the  left  of  the  entry  between 
timber  sets  21  and  22,  84  feet  from  the  drift  mouth  and  17  feet  up  chute. 

Section  B  (sample  15360)  was  measured  in  the  left  crosscut  between  timber  sets  13 
and  14,  52  feet  from  the  drift  mouth  and  5  feet  hrom  the  entry. 

The  coal  beds  of  the  Trout  Creek  region  are  described  in  U.  S.  Geol.  Survey  Bull. 

335,  1908,  p.  72. 

MATANUSKA. 

Anthhactte  Ridge.    Outcrop. 

Sample. — Semianthracite  coal;  Matanuska  field;  analysis  No.  12745  (p.  22). 
Locality. — ^Anthracite  Ridge,  Matanuska  Valley. 
Coal  bed.— "Sot  named. 

Notes. — ^The  bed  was  sampled  on  November  1, 1911. 

The  coal  beds  of  the  Anthracite  Ridge  region  are  described  in  U.  S.  Geol.  Survey 
Bull.  327,  1907,  pp.  52-56. 

ANTHRACrrE  RiDOB.      OUTCHOP. 

Sample. — Bituminous  coal;  Matanuska  field;  analysis  No.  12750  (p.  22). 

Locality. — Anthracite  Ridge,  Matanuska  Valley. 

Coal  bed. — Not  named. 

Notes. — ^This  bed  was  sampled  on  October  27,  1911. 

The  coal  beds  of  the  Anthracite  Ridge  region  are  described  in  U.  S.  Geol.  Survey 

Bull.  327,  pp.  52-56. 

ANTHRAcrrE  RiDOE.    Outcrop. 

-S'arnp/e.— Semibituminoufl  coal;  Matanuska  field;  analysis  No.  12753  (p.  22). 
Locality. — Anthracite  Ridge. 
Coal  bed. — ^Unnamed. 

Notes. — The  bed  was  sampled  on  October  24,  1911. 

The  coal  beds  of  the  Anthracite  Ridge  region  are  described  in  U.  S.  Geol.  Sur\'ey 
Bull.  327,  1907,  pp.  52-56. 

Anthracite  Ridoe.    Outcrop. 

Sample. — Semianthracite  coal;  Matanuska  field;  analysis  No.  12746  (p.  22). 

Loca/i/y.— Anthracite  Ridge,  Matanuska  Valley. 

Coal  bed. — Not  named. 

Notes. — ^The  bed  was  sampled  at  the  outcrop  near  the  middle  of  the  south  face  of 
the  ridge.    Elevation  (by  barometer),  3,700  feet. 

The  coal  beds  of  the  Anthracite  Ridge  region  are  described  in  U.  S.  Geol.  Survey 
Bull.  327,  1914,  pp.  52-56. 
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Anthragitb  Redob.    Outchop. 

Sample, — Semi  anthracite  coal;  Matanuska  field;  analyuB  No.  12757  (p.  22). 

LoadiJty, — Outcrop  on  Anthracite  Ridge. 

Cwd  bed. — Not  named. 

Notes.— The  bed  was  sampled  on  October  26,  1911.  The  sample  was  taken  at  the 
outcrop,  near  the  middle  of  the  south  slope.    Elevation  (by  barometer),  4,100  feet. 

The  coal  beds  of  the  Anthracite  Ridge  region  are  described  in  U.  S.  Geol.  Survey 
Bull.  327,  1914,  pp.  52-66. 

Ohiokaloon  Cbbbk.    Outoeop. 

Sample. — Bituminous  coal;  Matanuska  field;  analyses  Nob.  12752  and  12764  (p.  22). 
Locality, — Outcrop  at  bend  of  Chickaloon  Creek,  one-half  mile  above  Watson 
Gamp  .a 

Coal  bed. — Not  named.    Tertiary  age,  Chickaloon  formation. 

The  bed  was  measured  and  sampled  by  J.  A.  Holmes  on  November  1, 1911. 

Beginning  on  the  south  side  of  a  series  of  beds  of  shale  and  sandstone,  180  to  200 
feet  thick,  and  measuring  southward  along  the  face  of  the  bluff  from  a  nearly  vertical 
bed  of  sandstone  12  feet  thick,  this  section  was  as  follows: 

Section  of  coal  bed  i  mUe  above  Watson$  Camp. 


WhalA 

Bony  ooal  and  streaks  of  coal. . 

Impfiire  and  other  coal 

Cod 

Shale 

Coal 

Shale 

Goal 

Shallow  coal 

Bone 

Goal 

Shala  and  sandstone  ("horse") 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale  with  streaks  of  coal 

Coal 

Shale 

Coal 


Ft. 

in. 

0 

9 

0 

10 

1 

0 

a2 

9 

I 

4 

0 

2 
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1 

0 

4 

0 

9 

0 

1 

1 

0 

9 

0 

0 

4 

1 

0 

0 

6 

0 

4 

0 

9 

1 

4 

0 

8 

0 

2 

bi 

10 

28      6 


a  Included  in  sample  13753. 


h  Included  In  sample  12764. 


Notes. — For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol. 
Survey  Bull.  327,  1907,  p.  44;  Bull.  600,  1912,  p.  78. 

Chickaloon  Cbbek.    Watson  Tunnel  No.  4. 

Sample. — Semibituminous  coal;  Matanuska  field;  analysis  No.  12758  (p.  22). 

Locality. — ^Watson  Tunnel  No.  4,  near  Watson  Camp,  Chickaloon  Creek. 

Coal  bed. — Unnamed.  Tertiary  age,  Chickaloon  formation.  Thickness,  about  10 
feet.  The  bed  contained  4  feet  6  inches  of  crushed  coal  and  two  or  three  bands  of 
bony  coal.  Strike,  east  and  west;  dip,  80^  N.  Floor  and  roof,  carbonaceous  shale, 
much  jointed  and  slickensided. 


a  See  Martin's  section,  U.  S.  Oeol.  Survey  Bull.  327,  p.  44,  Nos.  2  and  6. 
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Notes. — ^The  sample  waa  taken  in  the  west  crosscut  off  the  entry,  111  feet  from  the 
entry  mouth.    The  crosscut  to  the  east  had  caved  and  the  face  could  not  be  reached. 

The  coal  beds  in  the  vicinity  of  Ohickaloon  Creek  are  described  in  U.  S.  Geol. 
Survey  Bull.  500, 1912,  pp.  77-81. 

Chickaloon  Crbbk.    Prospect. 

Sample. — Semibituminous  coal;  Matanuska  field;  analysis  No.  12761  (p.  22). 
JLocality. — Chickaloon  Creek. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Chickaloon  formation. 
Notes. — ^The  bed  was  sampled  on  November  2, 1911. 

The  coal  beds  in  the  vicinity  of  Chickaloon  Creek  are  described  in  U.  S.  Geol. 
Survey  BuU.  500,  1912,  pp.  77-81. 

Chickaloon  Crbek.    Tunnel  B. 

Sample. — Semibituminous  coal;  Matanuska  field;  analysis  Noe.  12756  and  12760 
(pp.  22  and  23). 

Locality. — ^Tunnel  B,  on  Chickaloon  Creek. 

Coal  bed.— Unnamed.    Tertiary  age,  Chickaloon  formation.   . 

Notes. — ^The  bed  was  measured  and  sampled  at  one  point  in  the  entry  on  October 
25, 1911,  as  described  below: 

Section  of  coal  bed  in  Tunnel  B,  Chickaloon  Creek. 


Coal,  impure 

Bone , 

Coal 

Bone,  lenticular. 

Coal 

Shale 

Coal 

ghft]<^ 

Coal 

Shale 

Coal,  good 


Ff.  in. 

a3  3 

0  4 

1  0 

0  6 

1  O 

1  o 

1  1 

0  s 

1  8 
1  I 

»8  10 


a  Included  in  sample  12760.  h  Included  in  sample  12760. 

Notes. — For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol. 
Survey  Bull.  327, 1907,  p.  5;  Bull.  500,  1912,  p.  79. 

Coal  Creek.    Prospect. 

Sample. — Bituminous  coal;  Matanuska  field;  analysis  No.  12744  (p.  23). 

Locality. — ^Prospect  on  Coal  Creek. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Chickaloon  (?)  formation. 

Notes. — ^The  bed  was  sampled  on  October  27, 1911. 
available. 

The  coal  beds  in  the  vicinity  of  Coal  Creek  are  described  in  U.  S.  Geol.  Survey  Bull. 
500,  1912,  pp.  77-78. 

Coal  Creek.    Prospect. 

Sample. — ^Bituminous  coal;  Matanuska  field;  analysis  No.  12748  (p.  23). 
Locality. — Prospect  on  Coal  Creek. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Chickaloon  (?)  formation. 
Notes.— The  bed  was  sampled  on  November  7, 1911. 
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The  coal  beds  in  the  vicinity  of  Coal  Creek  are  described  in  U.  S.  GeoL  Survey  Bull. 
327, 1912,  pp.  77-78. 

Coal  Creek  (?). 

Sample. — ^Bituminous  coal;  Matanuska  field;  analysis  No.  12743  (p.  23). 
Note. — No  further  information  available. 

Matanuska  River.    O'Brien  Claims. 

Sample. — Bituminous  coal;  Matanuska  field;  analysis  Nos.  12755  and  12762  (p.  23). 

Locality. — Outcrop  1  nule  south  of  Matanuska  River,  on  O'Brien  group  of  claims. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Chickaloon  formation. 

About  1  mile  south  of  Matanuska  River  the  bed  outcrope  on  the  north  face  of  a 
bluff,  about  555  feet  above  the  level  of  Matanuska  River,  probably  near  the  1,600-foot 
contour  line  and  southwest  of  the  east  end  of  Anthracite  Ridge.  The  coal  is  exposed 
jiist  east  of  a  shallow  ravine  extending  up  the  face  of  this  bluff.  Strike,  N.  75®  E., 
dip  23<'  SE. 

The  bed  was  measured  and  sampled  at  this  point  by  J.  A.  Holmes  in  September, 
1911,  as  described  below: 

Section  of  coal  bed,  norikface  of  bluff. 


Carbonaceous  shale 

Coal 

Shale 

Coal 

Shale : 

Coal 

Btaale 

Coal 

Bonyooal 

Coal 

Shale 

Coal 

BoBTOoal 

Banostone 

Coal 

Bonyooal 

Sandy  shale  and  bony  coal 

Coal 

Bone 

Coal 

Bone 

Coal 

Bone 

Coal 

Coal,  slightly  bony 

Coal 

Coal,  sl^tly  bony 

Shale 

Goal 

Shale,  with  streaks  of  ooal. 
Coal 


Ft, 

m. 

0 

12 

0 

4 

0 

ft 

0 

10 

L-2 

0 

0 

9 

0 

2 

0 

10 

0 

1ft 

2 

5 

0  1-2  (?) 

1 

1 

0 

1 

0  5-7 

0 

7 

0 

2ft 

0  2-3 

1 

2 

0 

1 

4 

1 

0 

1 

0 

2 

0 

ft 

0 

10 

0 

2 

0 

8 

0 

10 

02-6 

1 

0 

1 

0 

1+0 

The  base  of  this  bed  was  covered  up.  The  samples  include  the  entire  section  as 
given  above  except  the  bottom  12  inches. 

Sample  12755  represents  the  upper  part  of  the  bed,  and  sample  12762  the  lower 
part  of  the  bed. 

Matanuska  River.    O'Brien  CLAms. 

Sample. — Bituminous  coal;  Matanuska  field;  analysis  No.  12763  (p.  23). 
Locality. — Outcrop,  on  the  O'Brien  group  of  claims,  Matanuska  River. 
Coai  6etf.— Unnamed.    Tertiary  age,  Chickaloon  formation. 
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The  bed  was  measuied  and  sampled  by  J.  A.  Hohnes  on  November  2,  1911,  as 
described  below: 

Section  of  coal  bed  at  outcrop,  sotith  of  Matanuska  River. 


Laboratory  No 

Carbonaoeous  shaJB. 

Coal 

Shale 

Bony  ooal  with  streaks  of  good  ooal 

Shale 

Coal 

Bony  coal 

Shale  with  Irreeolar  bands  of  ooal.. 

Coal 

Bony  coal 

Shale 

Coal  with  inipnre  or  bony  bends.. . 

Shale 

Coal  with  bony  bands 

Shale 

Bony  coal 

Coal 

Shale. 


12763 

Ft, 

to. 

0 

10 

4 

0 

8 

3 

0 

10 

0 

0 

3 

8. 

1 

0 

1 

3 

1 

1 

1 

1 

The  sample  was  taken  at  an  outcrop  in  the  west  face  and  bed  of  a  ravine,  about 
100  feet  below  the  top  of  the  bluff.  The  point  where  the  sample  was  taken  is  one- 
fourth  of  a  mile  south  of  the  point  where  samples  12755  and  12762  were  taken,  and 
is  southwest  of  the  east  end  of  Anthracite  Ridge.  Strike,  N.  60  W.,  dip  20"*  to  40"* 
SW. 

Matanuska  River.    O'Brien  Claims. 

Sample. — Bituminous  coal;  Matanuska  field;  analysis  No.  12747  (p.  23). 

Locality. — Outcrop,  O'Brien  claims,  Matanuska  River. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Chickaloon  formation. 

The  bed  was  sampled  at  one  point  on  October  27,  1911. 

Notes. — ^The  sample  was  taken  near  and  on  the  west  side  of  the  gulch,  and  35  to  55 
feet  above  the  point  where  sample  12763  was  taken.  The  bed  was  partly  exposed 
and  had  apparently  the  same  strike  and  dip  as  the  bed  represented  by  sample  12763. 
A  section  of  the  part  exposed,  measured  from  above  downward,  was  as  follows:  Coal, 
3)  to  4  feet;  shale,  6  to  10  inches;  coal,  1  to  3  feet. 

Matanuska  Rhter.    O'Brien  Claims. 

Sample. — ^Bituminous  coal;  Matanuska  field;  analysis  No.  12749  (p.  23). 

Locality. — Outcrop  about  1  mile  south  of  Matanuska  River,  on  O'Brien  claim. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Chickaloon  formation. 

The  bed  was  measured  and  sampled  at  one  point  on  October  27,  1911,  as  described 

below: 

Section  of  coal  bed  at  outcrop,  1  mile  south  of  river. 


Laboratory  No 

Shale  with  streaks  of  coal 

Coal 

Shale 

Coal 

Shale  with  bands  of  ooal 

Shale 

Carbonaceous  shale  with  streaks  of  ooal 


12749 
Ft.   in, 

•  2     7 
2    10 

•  02^ 
al  0 
02      0 

04-^      0 
•  1-2      0 


a  Not  included  in  sample. 

The  sample  was  taken  from  an  outcrop  in  the  east  &oe  of  the  gulch,  and  50  to  75 
feet  above  the  point  (across  strata)  where  sample  12763  was  taken  and  about  50  feet 
below  top  of  bluff. 
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Matakuska  Kiybr.    O'Brien  Cladcb. 

Sample. — ^BituminoUB  coal;  Matftnimka  field;  analysis  No.  12751  (p.  23). 

Locality. — Outcrop  one-half  mile  soutli  of  Matannwka  River,  near  O'Brien  cabin. 

Coal  bed. — Not  named.    Tertiary  age,  Ghickaloon  formation. 

The  bed  was  measured  and  sampled  at  one  point  by  J.  A.  Holmes  on  November  1, 
1911. 

Sample  12751  was  taken  at  a  point  about  one-half  mile  south  of  Matanuska  River, 
near  a  small  stxeam  which  flows  north  (toward  river)  by  the  T.  E.  O'Brien  cabin  on 
the  O'Brioi  coal  claim  and  some  300  yards  up  this  stream  from  the  point  where  sam- 
ple 12754  was  taken  in  the  west  or  right  &ce  of  the  bluff.  The  bed  is  exposed  from  a 
few  feet  above  the  level  of  the  creek  to  near  the  top  of  the  bluff.  The  bed  here  has 
a  strike  nearly  east  and  west  and  a  dip  60^  to  70°  NNW.  The  section  measured  from 
the  north  side  southward  was  about  as  follows: 

Section  of  coal  bed,  near  O^Btien  cabin. 


Laboratory  No 

BlialB. 

Coal,  impure 

8hato 

Coal  with  few  thin  bony  bands 

Igneous  rock 

Coed  with  occasional  bands  of  shale  and  bone  (probably  75  per  cent  coal) 

Shatow 

AUend  nxsk,  Ught^olorad,  earthy. 


12761 
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0 

aO 

4-6 

6 

0 

a  6-8 

0 

OH 

0 

a  1-2 

0 

a  Not  Included  In  sample. 
The  shale  and  other  rock  strata  on  south  side  of  the  bed  were  faulted. 

Matanuska  River.    O'Brien  Claims. 

Sample. — ^Bituminous  coal;  Matanuska  field;  analysis  12754  (p.  23). 

Locality. — O'Brien  claim,  one-half  mile  south  of  Matanuska  River. 

Coal  bed. — Unnamed.    Tertiary  age,  Ghickaloon  formation. 

The  bed  was  measured  and  sampled  atone  point  by  J.  A.  Holmes  on  October  24, 1911. 

Sample  12754  was  taken  from  an  outcrop  on  the  west  slope  of  a  gulch  (facing  east), 
one-half  mile  south  of  Matanuska  River  and  a  short  distance  up  a  small  stream  from 
the  cabin  of  T.  E.  O'Brien.  The  bed  outcrops  about  100  feet  above  the  level  of  the 
creek  and  shows  thick  irregular  beds  of  coal  interbedded  with  thin  irregular  layers  of 
ferruginous  8andstone(?),  with  other  thin  or  nearly  vertical  beds  that  resemble  some- 
what the  eruptive  rocks  seen  elsewhere  in  this  field.  The  beds  of  coal  are  irregular 
and  in  places  massive,  and  stand  out  prominently  in  the  natural  exposure.  Strike 
nearly  east  and  west.    The  bed  is  nearly  vertical. 

A  section  across  the  main  beds  of  coal  measured  from  north  to  south  was  as  follows: 

Section  of  coal  bed  one-half  mile  south  of  Matanuska  River. 


Labontory  No - 

Shale,  with  5  to  10  Inch  bands  of  *'lron  ore"  in  more  or  less  nodular  masses. 

Coal 

Bony  coal 

Cbrbooaoeoiia  shale ^ 

Coal 

ffliale 

Coel,pin(dilng  oat  in  places 

ghale 

Coal,  with  irregolar  bands  of  bony  coal 

Shale,  with  streaks  of  coal 

Impore  bony  coal 

Shtde,  with  nodnlar  bands  of  "iron  ore" 

Booy  eoal  Inlemticiilar  masses,  1  to  6  hiches  thick  hiterbedded  in  carbonaceous  shale 

Shato,  dark  colored,  impregnated  and  in  places  interbedded  with  nodular  bands  (1  to  8 
hiobesthfa^)of"iraiiore^. 


12764 


Ft. 

3 

aO 

ad 

aO 

oO 

a  4-1 

•  1-2 

a  1-2 

aJ-1 

a4 

ab 

a  19 

ao-40 


in. 

6 

11 

fr-10 

6-10 

6-10 

0 

0 

0 

0 

0 

10 

0 


a  Not  included  in  sample. 


162 


ANALYSES  OF  GOAL. 


Matanubka  Rivbb.    O'Brien  Claims. 

Sample. — ^Bituminous  coal;  Matanuska  field;  anaiyslB  No.  12759  (p.  23). 

Locality. — Outcrop  on  O'Brien  claim,  about  one-half  mile  south  of  Matanuska 
River. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Chickaloon  formation. 

The  bed  was  measured  and  sampled  at  one  point  by  J.  A.  Holmes  on  November 
2, 1911. 

Sample  12759  was  taken  from  an  outcrop  on  the  west  side  and  near  top  of  bluff 
(facing  east)  across  the  gulch  from  the  point  where  sample  12751  was  taken.  It  is 
probably  the  same  bed.  The  exposure  was  prominent,  but  the  boundaries  were  not 
clearly  defined.    A  section  measured  from  the  north  side  southward  was  as  follows: 

Section  of  coal  bed,  west  side  of  bluff. 


Soft  black  shale 

Coal 

Bhale 

Coal 

Shale 

Impure  ooal 

Bhifie 

Coal 

Bhale 

Coal 

Bony  ooal 

Bhale 

Coal 

Shale 

Coal 

Bone 

Coal 

Bhale,  with  irregular  bands  of  bony  coal 

Coal 

Bony  ooal  with  streaks  of  shale 

Coal 

Shale 

Coal 

Bony  coal 

Coal 


Ft. 

hi. 

0 

4 

0 

8 

1 

8 

5 

a  10 

0 

8 

0 

6 

0 

10 

0 

9 

0 

3 

0 

10 

0 

6 

0 

6 

2 

6 

0 

1 

0 

11 

0 

1 

S 

9 

1-3 

0 

0 

1-18 

1-3 

0 

1 

4 

0 

2 

1 

2 

1 

2 

0 

8 

«  Or  more. 

Notes. — In  the  upper  part  of  the  bed  the  coal  appears  to  fold  on  itself  southward 
and  thns  gives  the  appearance  of  being  25  to  30  feet  thicker  than  would  be  indicated 
by  the  above  section. 

Young  Creek.    Outcrop. 


Sample. — Bituminous  coal;  Matanuska  field;  analysis  No.  11382  (p.  23). 

LocaZify.--Outcrop  near  Young  Creek;  longitude  148""  42^  12^^  west,  latitude  61"" 
47'  4Xy^  Jorth. 

Coal  bed. — Unnamed.  Tertiary  age,  Chickaloon  formation.  Dip,  54^  SE.;  strike, 
N.  67*'  E. 

The  bed  was  sampled  by  G.  0.  Martin  on  August  11, 1910,  in  the  vicinity  of  Young 
Creek.  The  sample  was  cut  from  a  natural  outcrop  after  cleaning  off  with  a  pick  as 
far  as  possible  all  weathered  coal.  The  t)ed  was  not  measured  at  this  point,  but  a  typi- 
cal section  measured  on  the  north  face  of  Red  Mountain  about  4  miles  north  of  the 
mouth  of  Young  Creek  is  as  follows; 
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Section  of  coal  bed  on  north/ace  of  Red  Mountain^  about  4  miles  north  o/numth  of  Young 

Creek. 


Roof,  shale  with  IronstoDe  nodoleB. 

Coal  (expoBure  obBcmre;  thiokiMflB  eBttmated). 

gbale 

Coal 

Shale 

Coal 

Shale 

Goal 

Shale 

Coal 

Shale 

Goal 

Shale 

Coal 

ThickniWB  of  bed 


Ft.  in. 

7 

6 

0 

Ik 

1 

2 

0 

1 

0 

6 

0 

^ 

0 

7 

0 

1 

0 

4 

0 

k 

0 

2 

0 

1 

2 

0 

12    8 


Notes. — Another  coal  bed  at  least  5  feet  and  possibly  10  feet  thick  is  poorly  exposed 
about  30  feet  stratigraphically  above  this,  the  intervening  rocks  being  shale  with  iron- 
stone nodules  and  sandstone.  About  30  feet  higher  another  bed  of  unknown  thick- 
ness is  present  and  60  feet  still  higher  indications  of  another  bed  were  seen. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Greol.  Survey 
BuU.  480,  p.  129. 

COIiORADO. 
ADAMS  COT7NTT. 

Bennett.    Thomas  Mine. 

Sample. — Subbitiuninouscoal;  Denver  region;  analysis  No.  13141  (p.  23). 

Mine. — ^Thomas,  in  sec.  12,  T.  1  S.,  R.  61  W.,  about  25  miles  northeast  of  Bennett, 
on  the  Union  Pacific  Railroad. 

Coal  bed, — ^No  name.    Cretaceous  age,  Laramie  formation. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  G.  B.  Richardson 
on  October  23, 1911.  The  sample  was  from  a  4-foot  bench  of  coal.  There  was  coal, 
reported  2  feet  thick,  above  the  bench  sampled,  and  coal,  reported  2  feet  thick, 
below  it. 

The  sample  was  obtained  at  the  working  face  in  the  mine,  about  100  feet  south  of 
the  bottom  of  the  shaft,  which  is  110  feet  deep. 

Notes. — ^The  coal  beds  of  the  Denver  Basin  are  described  in  U.  S.  Geol.  Survey  Bull. 
381, 1910,  pp.  297-306. 

BOULDBB  COimTT. 

Lafayette.    Simpson  Mine. 

Sample. — Subbituminous  coal;  Denver  r^on;  analysis  No.  15165  (p.  24). 

Mine. — Simpson,  a  shaft  mine  in  the  Northern  district;  in  T.  1  S.,  R.  69  W.;  at 
LaCayette,  on  the  Colorado  &  Southern  Railway. 

Coal  bed. — Known  as  the  Simpson  or  Lower.  Cretaceous  age,  Laramie  formation. 
The  bed  is  practically  horizontal.  Thickness,  6  to  14  feet,  average  12  feet.  The 
characteristic  impurities  are  local  bone  and  '^sulphur"  partings.  Roof,  hard  gray 
shale,  overlain  by  sandstone;  floor,  soft  smooth  underclay.  Particles  of  the  roof  and 
floor  did  not  mix  with  the  coal  in  loading. 
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The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  G.  Roberts  on 
November  15, 1912,  as  described  below: 

Section  of  coal  bed  in  Simpson  mine. 


Laboratory  No '  15105 

Roof,  shale.                                                                                                                               1  Ft,  In. 

Coal a  4     3 

CJoal 4     3 

Bone ^ 0     3 

Coal 2     5 

Floor,  clay. 

Thlcknefis  of  bed 11     0 

Thldmess  of  ooal  sampled 6    10 


a  Not  included  in  sample;  is  good  coal  but  is  mined  only  when  mining  pillars  on  retreating. 

Section  A  (sample  15165)  was  measured  at  the  face  of  room  1,  off  entry  125. 

Notes. — ^The  mine  is  worked  by  the  roomnand-piilar  system.  At  the  time  of  sam- 
pling, the  coal  was  undercut  by  air  punching  machines  and  broken  down  with  black 
blasting  powder.  The  undercuttings  were  loaded  out  with  the  coal.  All  coal  was 
shipped  as  run-of-mine.  There  were  three  loading  tracks  with  a  capacity  of  30 
empty  and  30  loaded  cars.  The  mine  had  approximately  300  acres  of  undeveloped 
coal.    The  daily  output  vras  about  450  tons,  most  of  which  was  taken  from  piUars. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  54,  55,  398,  399. 

For  results  of  tests  of  other  coal  from  this  mine,  see  mention  of  specific  tests  as  fol- 
lows— Steaming  tests:  U.  S.  Geol.  Survey  Bull.  261,  p.  80;  producer-gas  tests:  U.  S. 
Geol.  Survey  Bull.  261,  p.  90;  Bureau  of  Mines  Bull.  13,  pp.  108, 272;  briqueting  teste: 
U.  S.  Geol.  Survey  Bull.  261,  p.  152;  coking  tests:  Bureau  of  Mines  Bull.  5,  pp.  21, 51. 

DELTA  OOtTNTT. 

Bowie.    Kino  Mine. 

Sample. — Bituminous  (noncoking)  coal;  Grand  Mesa  field;  analysis  No.  15213 
(p.  24). 

Mine. — King,  a  drift  mine  in  the  Somerset  district,  1  mile  from  Bowie,  on  the  Denver 
&  Rio  Grande  Railroad. 

Coal  bed. — King.  Cretaceous  age,  Mesaverde  formation.  Average  thickness,  10  feet; 
dip,  N.  23''  33^  E. ;  cleat,  N.  82''  E.  Occasional  faults  and  frequent  rolls  or  horsebacks 
are  encountered.  The  immediate  roof,  a  bony  coal  2  to  6  feet  thick,  is  overlain  by  15 
feet  of  sandstone.  The  floor  is  bony  coal  2  to  6  inches  thick,  underlain  by  sandstone. 
Particles  of  the  roof  and  floor  did  not  become  mixed  with  the  coal  in  mining  or  loading. 
Workable  beds  of  coal  occur  20  feet  above  and  80  feet  below  the  King  bed.  Cover  at 
point  of  sampling,  900  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  W.  D.  Schofield  on 
December  7,  1912.  The  section  measured  10  feet  2  inches  of  clear  coal,  all  of  which 
was  included  iif  the  sample. 

The  sample  was  cut  from  the  face  of  room  5,  off  left  entry  3,  3,600  feet  from  the  mine 
mouth. 

Notes. — The  mine  is  worked  on  the  room-and-pillar  system.  At  the  time  of  samp- 
ling the  coal  was  imdercut  by  hand  and  blasted  down  with  FFF  black  blasting  ix>wder 
and  a  permissible  explosive.  The  tipple  had  two  leaking  screens  8  feet  wide  by  12 
feet  long;  one  screen  had  4-inch  holes  and  the  other  had  1-inch  holes,  about  55  to  60 
per  cent  of  the  coal  passing  the  screens.  No  pickers  were  employed  on  the  can.  The 
lumps  wei^  large  and  the  coal  had  a  good  appearance  on  the  can.  There  were  three 
loading  tracks  with  a  capacity  of  30  empty  and  60  loaded  can.  The  mine  had  a  capa- 
city of  1,000  tons  a  day;  the  average  output  being  about  450  tons. 
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There  were  approximately  1,000  acres  of  unmined  coal  tributary  to  thu  tipple,  about 
33  per  cent  of  the  coal  beiog  obtained  from  advance  workings. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  55,  401. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  TJ.  S.  Geol.  Survey 
BuU.  341, 1909,  p.  330. 

DoMiNouEZ.    Wells  Gulch  Mine. 

Sample. — ^Bituminous  coal;  Grand  Mesa  field;  analysis  No.  11106  (p.24). 

ifiw.— Wells  Gulch;  sec.  17,  T.  4  S.,  R.  3  E.;  in  Wells  Gulch,  Gunnison  Valley, 
about  2)  miles  northeast  of  Dominguez,  which  is  the  nearest  station  on  the  Denver 
A  Rio  Grande  Railroad. 

Coal  bed. — ^The  geologic  age  of  the  bed  has  not  been  definitely  determined.  Thick- 
ness, 3  feet  11  inches;  roof,  sandstone;  floor,  shale.  The  bed  was  measured  and 
sampled  at  one  point  in  the  mine  by  E.  G.  Woodruff,  on  October  19, 1910,  as  described 
below: 

Section  of  coal  bed  in  Wells  Gulch  Mine. 


LabontenrNo 

Roof,  undstone. 

CCMl 

Shale,  carbGDaoeoQS,  or  booe. 
Fkxr.  shale: 

ThJeknen  of  bed. 

ThlckiMBS  of  coal  sampled. . . 


11106 
Ft.    tn. 
1     8 
02     3 

3 
1 

11 
8 

«  Not  hicladed  in  sample. 

Sample  11106  was  taken  at  the  face  of  the  entry,  about  200  feet  from  the  mine  mouth. 
At  the  time  of  sampling,  the  mine  was  not  being  worked.  The  face  had  been  exposed 
for  several  months,  and  was  cleaned  with  a  pick  prior  to  sampling. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  1912,  p.  567. 

EL  FA80  COUNTT. 

Calhan.    Mosby  Mine. 

Sample. — Subbituminous  coal;  Colorado  Springs  field;  analysis  No.  10732  (p.  24). 

Mine. — ^Mosby,  a  shaft  mine  in  sec.  18,  T.  13  S.,  R.  62  W.,  9  miles  south  of  Calhan, 
which  is  the  nearest  station  on  the  Chicago,  Rock  Island,  &  Pacific  Railway. 

Coal  bed. — ^Mosby.  Cretaceous  age,  Laramie  formation.  Thickness,  4  feet  8  inches. 
Roof,  sandy  shale.  The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by 
G.  B.  Richardson  on  August  3, 1910,  as  described  below: 

Section  of  coal  bed  in  Mosby  mine. 


Laboratory  No.... 
Roof,  sandy  shale. 

doal 

Partii« 

Coal 


Coal. 

Floor,  not  stated. 

Tnlofcnewofbed. 

Iliiekness  of  ooal  sampled . 


10732 

Ft.  in, 

1    2 

oO    1 

1    6 

oO    3 

1    8 

4    8 
4    4 


a  Not  included  in  sample. 

The  sample  was  taken  about  30  feet  from  the  bottom  of  the  40-foot  shaft  at  the  work- 
ing face.    The  mine  was  worked  intermittently. 
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PiKBVIEW.      PiKEVIKW  MiNB. 

Sample. — Subbituminous  coal;  Colorado  Springs  field;  analysis  No.  12099  (p.  24). 

Mne.— Hkeview,  a  shaft  mine  in  sec.  18,  T.  13  S.,  R.  66  W.,  1  mile  north  of  Pike- 
view  station,  on  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — ^A.  Cretaceous  age,  Laramie  formation.  Average  thickness,  about  12  feet; 
dip,  4^  N.,  35^  E.  The  bed  contains  numerous  rolls.  Cover  at  point  of  sampling, 
181  feet.  Roof,  a  thin  blue  shale,  above  which  is  a  soft  sandstone.  The  floor  is  % 
rough  shale  and  a  fire  clay  and  is  fairly  hard. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  C.  Roberts,  on 
April  12,  1911.  The  sample  was  taken  at  the  face  of  north  entry  2,  4,000  feet  north- 
west of  the  shaft.  The  bed  at  this  point  was  10  feet  6  inches  thick,  but  the  sample 
represents  only  7  feet  5  inches,  the  upper  3  feet  of  the  bed  being  left  for  roof. 

Notes. — ^Mining  is  by  the  room-and-pillar  system.  At  the  time  of  sampling  the 
coal  was  undercut  in  the  clay  and  blasted  down  with  FFF  black  powder.  The  coal 
is  soft  and  lignitic.  About  60  per  cent  of  the  output  was  sold  as  run-of-mine. 
About  60  per  cent  of  the  coal  would  pass  through  a  4i-inch  screen,  lea\dng  40  per 
cent  domestic  lump.  Pickers  were  employed  both  in  the  mine  and  on  the  car. 
There  were  three  loading  tracks  with  a  capacity  of  25  empty  and  25  loaded  cars.  The 
output  was  550  to  600  tons  a  day.    The  unmined  area  covered  about  640  acres. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381,  1910,  pp.  322-332. 

Ramah.    Purdon  Minb. 

Sample. — Subbitumiuous  coal;  Colorado  Springs  field;  analysis  No.  10741  (p.  24).  ^ 
Mine. — Purdon;  sec.  27,  T.  11  S.,  R.  61  W.;  3  miles  southwest  of  Ramah,  which  is 
the  nearest  station  on  the  Chicago,  Rock  Island  &  Pacific  Railway,  and  6  miles  north- 
east of  Calhan. 

Coal  6ei.— LocaUy  known  as  Purdon.  Cretaceous  age,  Laramie  formation.  Thick- 
ness, 6  feet  9)  inches.  Roof,  sandy  shale.  The  bed  was  measured  and  sampled  by 
G.  B.  Richardson  on  August  15,  1910,  as  described  below: 

Section  of  coal  bed  in  Purdon  mine. 


LabontonrNo 

Roof,  nndy  diale. 

Coal.... 

Shale,  aandy 

Coal,  with  5  partings,  each  leas  than  |  inch  thick. 

Shaia,  aandy,  and  coal 

Coal  with  3  partings,  each  less  than  |  inch  thick. . 
Fkrarnotitated. 

Thktaiess  of  bed 

Thlokneasofcoal  sampled 


10741 

Ft. 

In. 

1 

0 

•0 

U 

2 

8 

•0 

2 

2 

10 

6 

H 

6 

0 

•  Not  indaded  in  sample. 

The  above  sample  was  taken  at  the  face  of  the  workings,  about  700  feet  from  the 
entry. 

Notes. — ^Tbe  mine  was  worked  intermittently. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  57,  408. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381, 1910,  pp.  319-335. 
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FBBMONT  CM>TnsrTT. 
Chandleb.    Chandler  Mine. 

ScanpU. — Subbituminous  coal;  Canon  City  field;  analymeB  Noe.  13393,  13394,  and 
13395  (pp.  24  and  25). 

Mine. — Chandler,  a  shaft  mine  in  sec.  22,  T.  19  S.,  R.  70  W.,  near  Chandler,  on 
a  spur  of  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — Canon.  Cretaceous  age,  Vermejo  formation.  Average  thickness,  4  feet 
3  inches;  dip,  4^  north.  The  bed  is  free  from  faults  but  contains  rolls  and  horsebacks. 
The  roof  is  a  "draw  slate  "  6  to  10  inches  thick  which  comes  down  with  the  coal;  above 
this  "draw  slate"  is  a  cap  rock.  The  floor  is  a  soft,  rough,  shaly  sand  rock.  Cover  at 
points  of  sampling,  about  700  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
February  27,  1912,  as  described  below: 

Sediona  of  coal  bed  in  Chandler  Mine. 


Laboratory  No 

Roof,  "draw  slate." 

Bone. 

CoalfCtoan 

Floor,  shaly  sand  rock. 

TninkTHMBofbad 

ThickiMBS  of  ooal  sampled. 


A. 
18383 
Ft.  in. 
«0     6 

4     2 

4      8 
4      2 

B. 

183M 

Ft.  in. 

4     9 

4     0 

4     9 

a  Not  included  In  sample. 

Section  A  (sample  13393)  was  measured  at  the  face  of  east  entry  9. 

Section  B  (sample  13394)  was  measured  at  the  face  of  the  main  slope. 
'  A  composite  sample  was  made  by  combining  and  mixing  face  samples  13393  and 
13394.    The  ultimate  analysis  of  this  sample  is  given  under  laboratory  No.  13395. 

Notes. — ^The  shaft  is  484  feet  deep.  The  coal  is  mined  by  the  room-and-pillar  sys- 
tem. At  the  time  of  sampling  the  coal  was  imdercut  by  electric  chain  cutting 
machines  and  was  shot  down  with  a  permissible  explosive.  ''Forty  per  cent "  dyna- 
mite was  used  for  brushing  the  roof.  The  tipple  was  equipped  with  bar  screens  18 
feet  long  with  2-inch  openings  and  a  revolving  screen  16  feet  long  with  {-inch  to 
IJ-inch  holes.  About  40  per  cent  of  the  coal  passed  through  the  screens,  none  being 
shipped  as  run-of-mine.  Pickers  were  employed  on  both  picking  table  and  car  in 
loading.  There  were  two  loading  tracks  with  a  capacity  of  36  empty  cars  and  30 
loaded  cars.  The  coal  had  a  good  appearance  and  contained  large  lumps.  The 
average  daily  output  of  the  mine  was  650  tons.  About  90  per  cent  of  the  coal  was 
from  advance  workings  and  10  per  cent  from  pillars.  The  life  of  the  mine  would  be 
probably  10  years. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  58,  414. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381,  1910,  p.  358. 

ROCKVALE.   ROCKVALB  MiNB. 

Sample. — Subbituminous  coal;  Canon  City  field;  analyses  )7os.  11988,  11939,  and 
11941  (p.  25). 

Jltn«.~- Rockvale,  a  slope  mine  in  sees.  25  and  36,  T.  19  S.,  R.  70  W.,  and  sees.  30 
and  31,  T.  19  S.,  R.  69  W.,  at  Rockvale,  on  the  Atchison,  Topeka  A  Santa  Fe  Railway. 

Coal  bed. — Rockvale.  Cretaceous  age,  Vermejo  formation.  Average  thickness,  3 
feet  6  inches;  dip,  5®  N.  60^  W.    The  roof  is  sandstone  and  black  shale,  which  U  hard 
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at  some  places  and  soft  in  otlien,  k  genendly  smooth,  and  does  not  adhere  to  the 
coal.  The  floor  is  a  mixture  of  coal  and  clay  and  is  called  '^blackjack";  it  is  tough 
and  usually  smooth.    Cover,  about  320  feet. 

The  bed  was  measured  and  sampled  at  two  places  in  the  mine  by  J.  G.  Roberts  on 
March  7,  1911. 

Sample  11938  was  measured  at  the  £ace  of  room  39,  off  the  third  dip,  about  6,000 
feet  south  from  the  shaft.    The  sample  represents  3  feet  9}  inches  of  clear  coal. 

Sample  11939  was  measured  at  the  &ce  of  room  31,  off  the  fourth  dip,  6,200  feet 
south  of  the  shaft.    The  sample  represents  3  feet  9  inches  of  clear  coal. 

A  composite  sample  was  made  by  combining  face  samples  11938  and  11939.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11941. 

NoteB. — The  long-waU  method  of  mining  is  used.  At  the  time  of  sampling  all  of  the 
coal  produced  was  from  advance  workings.  The  coal  was  undercut  in  the  clay  and 
broken  down  by  black  powder;  ''40  per  cent "  dynamite  was  used  in  brushing  the  rooC. 
All  of  the  coal  was  screened,  none  being  sold  as  run-K>f-mine.  About  43  per  cent 
of  the  coal  passed  through  a  3^inch  screen,  the  screenings  producing  18  per  cent  nut 
coal  and  25  per  cent  slack;  57  per  cent  of  the  coal  was  sold  as  lump.  Pickers  wei« 
employed  to  pick  the  coal  as  it  was  lofided  on  the  car.  There  were  two  loading  tiacks 
with  a  capacity  of  100  empty  cars  and  50  loaded  cars. 

The  daily  output  was  about  900  tons;  the  unmined  area  tributary  to  the  mine  was 
about  1,200  acres. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  59,  415. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381,  1910,  p.  352. 

GABFIELD  COUNTY. 

NSWGABTLB.      VULCAN  MiNB. 

i5amp26.— Bituminous  coal;  Grand  Hogback  field;  analyses  Nos.  12325, 12326,  12327, 
and  12420  (p.  25). 

Jftne.— Vulcan;  Glenwood  Springs  district;  sec.  1,  T.  6  S.,  R.  91  W.;  2  milee  east  of 
Newcastle,  on  the  Colorado  Midland  Railway. 

Coal  bed. — AUen.  Cretaceous  age,  Mesaverde  formation.  Average  thickness,  about 
14  feet.    Roof,  a  poor  quality  of  sandstone;  floor,  sandstone. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberts 
on  June  14  and  18,  1911. 

Sample  12325  was  cut  from  the  face  of  the  east  entry  on  the  third  level,  1,250  feet 
southeast  of  the  mine  mouth.  The  sample  represents  10  feet  6  inches  of  coal  from  the 
lower  part  of  the  section. 

Sample  12326  was  cut  from  the  face  of  the  Allen  entry  on  the  second  level,  1,700  feet 
from  the  mouth  of  the  entry.  The  sample  represents  10  feet  of  coal  from  the  lower 
part  of  the  section. 

Sample  12420  was  cut  from  the  face  of  room  15,  250  feet  up  from  the  entry  and  1,000 
feet  southeast  of  the  mine  mouth.  The  sample  represents  10  feet  of  coal  from  the 
middle  of  the  section. 

A  composite  sample  was  made  by  combining  and  mixing  face  samples  12325  and 
12326.    An  ultimate  analysis  of  this  sample  is  given  under  laboratory  No.  12327. 

Noiu. — ^The  coal  is  mined  by  the  room-and-piUar  system.  The  bottom  bench  of 
about  6  feet  was  first  mined,  then  the  top  bench  was  taken  down  and  piUara  removed. 
At  the  time  of  sampling  the  entire  output  was  shipped  as  run-of-mine  except  what 
was  delivered  by  wagon  for  domestic  purposes.  The  coal  loaded  on  wagons  was 
screened  over  bars  12  feet  long  with  2-inch  openings.  There  were  three  loading  tracks 
with  a  capacity  of  20  empty  cars  and  25  loaded  cars.    The  daily  output  was  about 
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150  tons.    The  probable  life  of  the  mine  was  50  years.    All  the  coal  mined  was  taken 
from  advance  workings. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Creol.  Survey  Bull. 
415,  1910,  p.  112. 

South  (-anyon.    South  Canyon  Mine. 

Sample. — Bituminous  (noncoking)  coal;  Grand  Hogback  field;  analyses  Nos.  15166 
and  15167  (p.  25). 

Mine. — South  Canyon,  a  drift  mine  in  the  Glenwood  Springs  district,  in  the  NW. 
}  sec.  14,  T.  6  S.,  R.  90  W.,  at  South  Canyon,  3  miles  from  the  Colorado  Midland  Rail- 
way and  connected  with  the  railroad  station  by  trolley  line. 

Coal  bed. — ^Wheeler;  Cretaceous  age,  Mesaverde  formation.  Average  thickness,  18 
feet;  dip  55^.  There  are  no  cleats  or  faults  but  occasional  rolls  and  horsebacks  are 
encountered.  The  roof  (hanging  wall)  is  a  hard  black  shale  above  which  thero  is  a 
sandstone  cap  rock.  The  floor  is  a  smooth,  soft,  black  shale.  Particles  of  the  roof  and 
floor  did  notmix  with  the  coal  in  mining.  Seventy-two  feet  above  this  bed  and  32  feet 
underneath  are  workable  beds  of  coal.    Cover  at  points  of  sampling,  500  to  550  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
November  30, 1912,  as  described  below: 

Sections  of  coal  bed  in  Smith  Canyon  Mine. 


SectJon 

Laboratory  No 

Roof,  shale. 

Top  coal 

CkMl 

Floor,  shale. 

ThiclaieGS  of  bed 

ThlckzieaB  of  coal  sampled. 


A 
15166 

Ft,     in. 

5  9 

(6) 


9 


B 
U167 

Ft.  in. 

^10  0 

7  8 

17  8 

7  8 


a  Not  hicluded  in  sample.  b  Not  measured. 

Section  A  (sample  15166)  was  measured  in  the  main  entry,  800  feet  from  the  portal. 

Section  B  (sample  15167)  was  measured  at  the  face  of  the  main  entry,  1,600  feet 
from  the  portal. 

Notes. — ^The  mine  is  worked  by  the  room-and-pillar  system.  At  the  time  of  samp- 
ling the  coal  was  shot  down  with  permissible  explosives.  None  of  the  coal  was  shipped 
as  run-of-mine.  The  coal  was  screened  over  bars  18  feet  long  with  4-inch  openings,  a 
shaker  screen  14  feet  long  and  6  feet  wide  with  2}-inch  openings  and  a  shaker  screen 
14  feet  long  and  6  feet  wide  with  1-inch  openings.  Twenty  per  cent  of  the  coal  passed 
through  the  1-inch  screen.  This  fine  coal  was  wasted,  as  there  was  no  market  for  it. 
The  coal  was  picked  or  trimmed  on  the  car,  and  the  loaded  lump  coal  had  a  good 
appearance.  There  were  three  loading  tracks  with  a  capacity  of  15  empty  and  15 
loaded  cars.  The  unmined  area  tributary  to  this  opening  was  about  1  mile  long  on 
the  strike  of  the  bed.    The  daily  output  was  350  tons. 

For  anal3rses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  61,  421,  422. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey  Bull. 
415,  1910,  p.  130. 

GXrNNISON  COUNTY. 

SOMEBSET.      SOMEBSET  MiNE. 

Sample. — Bituminous  coal;  Grand  Mesa  field;  analyses  Nos.  12322, 12323,  and  12324 
(p.  25). 

Mine. — Somerset;  a  slope  mine  in  the  Somerset  district,  near  Somerset,  on  the 
Denver  St  Rio  Grande  Railroad. 
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Coal  bed. — Not  named.  Cretaceous  age,  Meeaverde  formatioii,  Bowie  shale. 
ThickDeas,  8  to  12  feet.    Roof,  sandstone;  floor,  bony  coal  about  8  inches  thick. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberta  on 
June  15,  1911,  as  described  below: 

SeetUms  of  coal  bed  in  Somerset  mine. 


SecUco 

Laboratofy  No. 

Roof,  sandstooe. 

doal 

Goal,  bony 

Coal 

Floor,  bony  ooal. 

TnlcknesBofbed 

Thickiies  of  ooal  sampled 


A 

12323 

Ft.  in. 

3 

0 

•  0 

3 

8 

9 

12 

0 

11 

9 

3  0 
«0     3 

4  9 

8      0 
7      9 


a  Not  included  in  sample. 

Section  A  (sample  12322)  was  measured  at  the  face  of  room  46  off  west  entry  6, 
10,000  feet  north  of  the  entry  mouth. 

Section  B  (sample  12323)  was  measured  at  the  face  of  west  entry  9, 4,500  feet  north 
from  the  mouth. 

A  composite  sample  was  made  by  combining  face  samples  12322  and  12323.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  12324. 

Notes. — ^At  the  time  of  sampling  the  coal  was  shot  down  with  black  powder.  The 
output  was  1,000  tons  a  day. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  341,  1909,  p.  330. 

HUBBFANO  COUNTY. 

Oakview.    Oakoale  Mine. 

iSamp26.— Bituminous  coal;  Trinidad  field;  analyses  Nos.  13526,  13527,  13528,  and 
13529  (p.  26). 

Mine. — Oakdale,  a  slope  and  drift  mine  in  the  La  Veta  district,  at  Oakview,  on  a 
spur  of  the  Denver  &  Rio  Grande  Railroad,  7  miles  west  of  La  Veta. 

Coal  bed. — Not  named.  Cretaceous  age,  Vermejo  formation.  Average  thickneee, 
12  feet;  dip,  15^  W.;  cleat,  north  and  south.  Occasional  faults,  rolls  and  horsebacks 
are  encountered.  Roof,  shale,  overlain  by  sandstone;  floor,  soft  smooth  shaly  under- 
clay.  Particles  of  both  the  roof  and  floor  occasionally  mixed  with  the  coal  in 
mining.    Cover  at  points  of  sampling,  100  to  500  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberts  on 
March  8,  1912,  as  described  below: 

Sections  of  coal  bed  in  Oakdale  mine. 


Section 

Laboratory  No 

Roof,  shale  and  sandstone. 

Coal 

Coal,  dean. 

Natural  ooke 

Floor,  shale. 

Tnickness  of  coal  mined. . 

Thickness  of  ooal  sampled 


A 

B 

13526 

13527 

Ft.  in. 

Ft.  in. 

•  •    «  • 

(a) 

13  10 

•  •    •  • 

6  6 

13  10 

6  6 

13  10 

6  6 

c 

13528 
Ft.  in, 
0 

3      6 
3      6 


f 


7 
3 


0 

6 


a  Not  measured. 


b  Not  inehided  in  sample. 


Section  A  (sample  13526)  was  measured  at  the  face  of  room  11,  off  the  second '  'croes, " 
off  the  main  entry. 

Section  B  (sample  13527)  was  measured  at  the  face  of  the  main  entry.  The  top  coal 
was  not  mined  in  advance  work  and  could  not  be  measured. 

Section  C  (sample  13528)  was  measured  at  the  face  of  north  entry  4.  The  top  coal 
was  not  mined  in  advance  work  and  could  not  be  measured. 


GOLOBADO:  JACKSON  COUNTY.  171 

A  composite  Bample  was  made  by  combining  samples  13526  and  13527.  The 
ultimate  analysis  of  this  sample  is  given  under  laboratory  No.  13529. 

Nota, — ^The  mine  is  worked  on  the  room-and-pillar  panel  system.  At  the  time  of 
sampling  the  coal  was  undercut  in  the  coal  with  punching  machines  and  shot  down 
with  black  powder.  The  machine  cuttings  were  loaded  with  the  coal.  Twenty-five 
per  cent  of  the  coal  was  shipped  as  run-of-mine.  The  tipple  was  equipped  with  two 
shaking  screens  each  12  feet  long  by  5  feet  wide,  one  having  3-inch  and  the  other  1-inch 
boles,  and  a  revolving  screen  12  feet  long  with  |-inch  holes.  Forty  per  cent  of  the 
coal  passed  through  the  |-inch  screen.  No  pickers  were  employed  at  the  tipple. 
There  were  three  loading  tracks  with  a  capacity  of  20  empty  cars  and  30  loaded  cars. 
The  coal  had  an  excellent  appearance  and  the  lumps  were  laige.  The  average  daily 
production  of  the  mine  was  1,200  tons,  with  a  maximum  capacity  of  1,800  tons.  All 
the  coal  was  from  advance  workings.    The  probable  life  of  the  mine  was  30  years. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  65,  435. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

BuU.  381,  p.  419. 

JACKSON  OOUNTY. 

COALMONT.      RiACH  MiNB. 

Sample. — Subbituminous  coal;  North  Park  field;  analysis  No.  12601  (p.  26). 

Mine, — ^Riach,  a  slope  mine  in  the  Coalmont  district,  in  the  NW.  {  of  SW.  i  sec.  24, 
T.  7  N.,  R.  81  W.;  at  Coalmont,  on  the  extension  of  the  Laramie,  Hahn's  Peak  d 
Pacific  Railway. 

Coal  bed, — ^Known  as  the  Riach.  Late  Cretaceous  or  early  Tertiary  age,  Coalmont 
formation.  Both  roof  and  floor  are  coal.  Thickness,  reported  77  feet;  dip,  18°  north- 
east. 

The  bed  was  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  August  18, 1911. 
The  sample  was  collected  from  the  north  breast  on  a  freshly  stripped,  fairly  dry  face, 
and  represents  7  feet  of  coal. 

Notes, — ^The  mine  had  a  capacity  of  about  800  tons  a  day.  A  considerable  part  of 
the  output  was  sold  for  domestic  use  in  the  park  and  in  various  towns  along  the  main 
line  of  the  Union  P&cific  Railroad. 

Coalmont.    MrrcHELL  Mine. 

Sample, — Subbituminous  coal;  North  Park  field;  analysis  No.  12539  (p.  26). 

JTin^.— Mitchell;  in  SW.  i  SE.  i  sec.  24,  T.  8  N.,  R.  82  W.;  8  miles  northwest  of 
Coalmont  and  15  miles  southwest  of  Walden. 

Coal  bed, — ^Mitchell.  Late  Cretaceous  or  early  Tertiary  age,  Coalmont  formation, 
The  bed  consists  of  an  upx)er  bench  8  feet  thick  separated  from  a  lower  2}-foot  bench 
by  10  inches  of  carbonaceous  shale.  The  shale  parting  is  used  as  the  floor  of  the  mine 
and  about  7  feet  of  the  upper  bench  is  mined,  the  upper  foot  being  left  for  roof.  Dip, 
11^  northeast.    Strike,  north  40°  west. 

The  bed  was  measured  and  sampled  by  A.  L.Beekly  on  August  16, 1911,  as  described 

below: 

Section  of  coal  bed  in  the  Mitchell  mine. 


LabontoryNo 

Roof,  dark.  siJcaoeoas,  aandy  shale. 

Coalp  euan  and  black 

Coal,  soft  and  laminated 

Coal,  hard,  bfaudc 

Shales  carbooaoeoas,  laminated. 

Coal,  hard 

Floor  shale. 

Thickness  of  bed 

Thiokness  of  ooal  sampled 


12689 

Ft»  In, 

3    6 

2    6 

2    0 

oQ  10 

a2    i 

11    2 
8    0 


•  Not  inoladed  in  sample. 
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The  sample  was  collected  in  the  entry,  275  feet  northeMt  of  the  mine  mouth.  The 
mine  was  worked  intermittently. 

HlOHO.      MONAHAN  MiNB. 

Sample. — Subbituminous  coal;  North  Park  field;  analysu  No.  12540  (p.  26). 

Mn«.— Monahan,  in  the  S£.  i  SE.  i  sec.  31,  T.  10  N.,  K.  81  W.,  4  miles  northwest 
of  Higho  post  office  and  18  miles  northwest  of  Walden. 

Coal  bed. — ^Monahan.  Late  Cretaceous  or  early  Tertiary  age.  Thickness,  4  feet 
6  inches;  strike  N.  15^  W.;  dip,  22^  N.;  roof,  buff  shale;  floor,  sandstone. 

The  bed  was  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  August  3,  1911, 
the  sample  representing  4  feet  6  inches  of  coal. 

Notes. — ^The  sample  was  collected  from  the  face  of  the  entry,  which  was  125  feet 
long  and  was  on  the  dip  of  the  bed.    The  coal  at  the  face  was  hard,  black,  and  clean. 

Walden.    McCallum  Mine. 

Sample, — Subbituminous  coal;  North  Park  field;  analysis  No.  12774  (p.  26). 

Mine. — McCallum,  a  slope  mine;  McCallufn  anticline  district,  NE.  }  NE.  i  sec. 
18,  T.  9  N.,  R.  78  W.;  about  5  miles  northeast  of  Walden. 

Coal  bed. — Sudduth.  Late  Cretaceous  or  early  Tertiary  age.  Base  of  Coalmont 
formation.  Thickness,  reported  35  feet;  strike,  north  50^  west;  dip,  18^  northeast. 
Both  roof  and  floor  are  coal. 

The  bed  was  sampled  by  A.  L.  Beekly  on  October  16,  1911. 

Notes. — ^The  sample  was  collected  from  a  fresh  face  in  the  entry,  60  feet  from  the 
foot  of  the  slope,  which  was  50  feet  long  and  dips  18^.  The  sample  represents  7  feet 
of  coal. 

Walden.    Mabb  Mine. 

Sample. — Subbituminous  coal;  North  Park  field;  analysis  No.  12415  (p.  27). 

Miru. — Marr;  McCaUum  anticline  district,  in  the  NW.  i  NE.  i  sec.  35,  T.  9  N., 
R.  78  W. ;  8i  miles  east  of  Walden. 

Coal  bed. — Sudduth.  Late  Cretaceous  or  early  Tertiary  age,  Coahnont  formation. 
The  bed  is  reported  to  be  53  feet  thick  and  to  consist  throughout  of  a  good  grade  of 
coal,  which  is  free  from  partings  except  for  several  1-inch  sandy  layers  near  the  top. 
Dip,  56"*  east. 

The  bed  was  sampled  by  A.  L.  Beekly  on  June  27, 1911,  the  sample  representing  6 
feet  of  coal. 

Notes.— The  sample  was  collected  from  a  clean  surface  just  inside  the  entry  mouth 
and  about  15  feet  from  the  top  of  the  bed.  Forty  feet  of  this  bed  is  exposed  in  an  open 
cut;  the  base  is  covered  and  inaccessible.  The  mine  consisted  of  two  entries;  both 
were  filled  with  water  at  the  time  of  sampling. 

Walden.    Sudduth  Mine. 

Sample. — Subbituminous  coal;  North  Park  field;  analysis  No.  12414  (p.  27). 

Jfin€.— Sudduth;  a  drift  mine  in  the  McCallum  anticline  district,  in  NW.  i  SW.  } 
sec.  15,  T.  9  N.,  R.  78  W.;  7J  miles  east  of  Walden. 

Coal  bed. — Sudduth.  Late  Cretaceous  or  early  Tertiary  ago,  Coalmont  formation. 
Thickness,  reported  50  feet;  dip,  85^  northeast. 

The  bed  was  sampled  by  A.  L.  Beekly  on  June  27,  1911. 

Notes. — ^The  mine  consisted  of  an  entry  or  room  driven  horizontally  about  70  feet 
into  the  bed.  The  coal  exposed  in  the  mine  was  clean,  hard,  and  glossy  black.  The 
sample  was  collected  from  a  clean  face  at  the  end  of  the  entry  and  represents  20  feet 
of  coal. 
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Walden.    W1N8COM  Mine. 

SampU, — Subbituminous  coal;  North  Park  field;  amdysifl  No.  12775  (p.  27). 

Mine,— Winacom;  McOallum  anticline  district,  SW.  i  NE.  {  sec.  l4,  T.  8  N., 
R.  78  W. ;  10}  ndles  southeast  of  Walden. 

Coal  bed. — Winscom.    Late  Cretaceous  or  early  Tertiary  age,  Coabnont  formation. 
Roof,  coal;  floor,  shale.    Strike,  nearly  north  and  south.    Dip,  25°  to  30°  east. 

The  bed  was  measured  and  sampled  by  A.  L.  Beekly  on  October  16,  1911,  as 
described  below: 

Section  of  coed  bed  in  the  Win$com  mine. 


Laboratory  No 

RooLooal. 

Oay 

Coal 

Clay,  carbonaoeous 

Shala.  carbonaoeotis..  .  . 

Coal.. 

Shale,  carbonaoeous 

Coal ^ 

Floor,  carbonaoeous  shale. 

Thickness  of  bed 

ThJckness  of  coalsampled 


12775 

Ft. 

tn. 

aO 

10 

0 

4 

•  0 

3 

0 

4 

aO 

2 

1 

0 

aO 

7 

0 

11 

4 

6 

2 

7 

a  Not  included  in  sample. 
Notes. — Sample  was  collected  in  the  entry,  125  feet  from  the  mouth  of  the  mine. 

JBFFBBSON  OOXTNTY. 

Morrison.    Whttb  Ash  Mine. 

Sample. — Subbituminous  coal;  Denver  region;  analysis  No.  16615  (p.  27). 

Mine.— White  Ash,  a  shaft  mine  in  sees.  23,  24,  25,  and  26,  T.  4  S.,  R.  70  W.,  2  mile, 
from  Morrison,  1  mile  from  Colorado  &  Southern  Railway  switch.    Not  on  any  railroads 

Coal  bed. — Jumbo.  Cretaceous  age,  Laramie  formation.  Average  thickness,  15 
feet;  dip,  86^.  No  rolls  or  horsebacks  have  been  encountered.  Roof  (hanging  wall), 
clay  3  inches  thick,  overlain  by  shale;  above  the  shale  is  a  sandstone  cap  rock. 
Small  particles  of  the  shale  gradually  break  off  on  exposure.  Floor  (foot  wall),  a  hard 
smooth  und^rclay .    Particles  of  the  floor  and  roof  did  not  mix  with  the  coal  in  loading. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  C.  Roberts  on 
March  12,  1913,  as  described  below: 

Section  of  coal  bed  in  White  Ash  mine. 


Laboratory  No 

Roof,  clay  and  shale. 

Coal 

Coal 

Floor,  onderclay. 

ThickDca  of  bed 

ThickneGS  of  coal  sampled . 


16615 

Ft.  in. 

ab   6 

10   6 

16   0 
10    6 


a  Not  included  in  sample. 

Sample  16615  was  taken  in  a  stope,  30  feet  from  the  second  level  and  75  feet  from 
the  shaft. 

Note$. — ^At  the  time  of  sampling  the  coal  was  shot  off  the  solid  with  black  blacrting 
powder.  The  coal  was  screened  through  a  bar  screen  10  feet  long  with  1-inch  open- 
ings, about  10  to  15  per  cent  passing  through  the  screen.  No  pickers  were  employed. 
The  coal  had  a  good  appearance  on  the  wagons.    The  area  to  be  mined  was  approxi- 
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mately  2  miles  long  on  the  strike.    The  output  in  the  immediate  future  was  to  be 
derived  from  advance  workings. 
For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
,      Bull.  381,  1910,  p.  297. 
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DuBANoo.    San  Juan  Mine. 

Sample.— BitwaammB  coal;  Durango  field;  analyses  Nos.  14770, 14771, 14772  (p.  27). 

Mine. — San  Juan,  a  drift  mine  1}  miles  southeast  of  Durango,  on  the  Rio  Grande 
Southern  Railroad. 

Coal  &0e/.— Not  named.  Cretaceous  age,  Mesaverde  formation.  Thickness,  3  feet 
6  inches  to  4  feet  10  inches,  average  about  4  feet.  About  the  middle  of  the  bed  is  a 
layer  of  bony  coal  2  inches  thick.  The  roof  is  a  soft  gray  shale,  which  slacks  on  ex- 
posure; above  the  shale  is  about  10  inches  of  bony  coal.  The  immediate  roof  sticks 
to  the  coal  and  often  falls  in  the  rooms.  The  floor  is  a  hard  rough  shale.  Cover  at 
points  of  sampling,  200  to  225  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  W.  D.  Schofield 
on  September  11,  1912,  as  described  below: 

Sections  of  coal  bed  in  San  Juan  mine. 

SectioQ A             B 

Laboratory  No 14770  14771 

Roof,  shale,  and  ooal.  Ft,  to.  Ft.  Ht. 

Coal 16           4  3 

Bone.toshale ao     1  aO  2 

Coal 16          0  9 

Floor,  black  sbale. 

Thlckii<«  of  bed 8     1           6  2 

Thickness  of  ooal  sampled 8     0          6  0 


a  Not  included  in  sample. 

Section  A  (sample  14770)  was  measured  at  the  face  of  the  main  entry,  1,200  feet  west 
of  the  mine  mouth. 

Section  B  (sample  14771)  was  measured  in  room  6,  off  the  first  dip  entry  south,  300 
feet  from  the  mine  mouth. 

A  composite  sample  was  made  by  combining  and  mixing  samples  14770  and  14771 . 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14772. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling 
the  coal  was  undercut  by  hand  and  shot  down  with  permissible  explosives.  Dyna- 
mite was  used  for  brushing  the  floor  and  roof.  The  undercuttings  were  loaded  out 
with  the  coal.  About  30  per  cent  of  the  output  was  shipped  as  run-of-mine.  Bar 
screens  30  feet  long  with  l^-inch  openings  were  used;  about  60  per  cent  of  the  coal 
passed  the  screen.  The  screenings  were  coked.  The  loading  track  had  a  capacity 
of  7  cars  and  the  *^ empty"  track  25  car?.  The  daily  output  was  about  160  tons. 
About  one-half  of  the  output  was  from  advance  workings  and  one-half  from  pillars. 
There  was  about  140  acres  to  be  mined  from  this  opening. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  315, 1910,  p.  384. 

HxsPBRUs.    Hesperus  Mtne. 

Sample, — Bituminous  coal;  Durango  field;  analyses  Nos.  14773,  14774,  and  14775 
(p.  27). 

Mine. — Hesperus,  a  drift  mine  in  sec.  14,  T.  35  N.,  R.  11  W.,  at  Hesperus,  on  the 
Kio  Grande  Southern  Railroad. 
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Coal  bed, — Hesperus.  Cretaceous  age,  Mesaverde  formation.  Thickness,  4  feet  6 
inches  to  6  feet;  average,  about  5  feet.  About  2  feet  from  the  roof  is  an  irregular  shale 
parting.  The  immediate  roof  is  smooth  and  does  not  fall  in  the  rooms;  the  main 
cap  rock  is  2  inches  to  2  feet  above  the  coal.  The  floor  is  a  soft  smooth  clay  which 
mixed  with  the  coal  in  loading.    Cover  at  points  of  sampling,  about  100  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  W.  D.  Schofield, 
on  September  24, 1912,  as  described  below. 

Sections  of  coal  bed  in  Hespenis  mine. 


Section 

Labontcry  No 

Roof,  "diBW  date." 

Coal 

Shale,  Garbonaoeous 

Coal 

Fkwr.  day. 

ThSekness  of  bed 

Thidmefls  of  coal  sampled 


A 

14773     1 

Ft. 

in. 

2 

2 

aO 

k 

3 

0 

5 

n 

5 

2 

B 

i4n4 

Ft  in. 

2     1 
aO      1 

2      6 

4      7 
4      6 


a  Not  included  in  sample. 

Section  A  (sample  14773)  was  measured  at  the  face  of  room  3,  off  right  entry  4;  4,000 
feet  from  the  mine  mouth. 

Section  B  (sample  14774)  was  measured  in  room  5,  off  left  entry  5;  4,000  feet  west  of 
the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  14773  and  14774.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14775. 

Notes. — ^The  coal  ia  mined  by  the  room^^ind-pillar  system .  At  the  time  of  sampling, 
the  coal  was  iindercut  by  hand  and  broken  down  with  FF  black  blasting  powder. 
None  of  the  coal  was  shipped  as  run-of-mine.  Bar  screens  8  feet  long  with  3-inch  open- 
ings and  bar  screens  8  feet  long  with  1-inch  openings  were  used,  about  60  per  cent 
of  the  coal  passing  through  the  1-inch  screen.  There  were  three  loading  tracks  with 
a  capacity  of  20  loaded  cars  and  40  empty  cars.  The  daily  output  was  about  200  tons. 
About  60  per  cent  of  the  coal  was  from  advance  workings  and  40  per  cent  from  pillars. 
The  probable  lifetime  of  the  mine  is  20  yean. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  67,  442. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull  316,  1907,  p.  386. 

Perins.    Perins  Peak  Mine. 

Sample. — Bituminous  (coking)  coal;  Durango  field;  analyses  Nos.  14776, 14777,  and 
14778  (p.  27). 
Mne. — Perins  Peak,  a  drift  mine  in  sees.  11  and  14,  T.  35  N.,  R.  10  W.,  at  Perins, 

5  miles  southeast  of  Durango,  on  a  branch  of  the  Rio  Grande  Southern  Railroad. 

Coal  bed. — Peacock.    Cretaceous  age,  Mesaverde  formation.    Thickness,  1  foot 

6  inches  to  6  feet  6  inches.  The  only  impurities  are  irr^;ular  "sulphur"  balls  in 
pockets.  The  immediate  roof  is  good  and  does  not  fall  in  the  rooms.  The  floor  is 
soft  and  hard  shale.  Particles  of  the  roof  and  floor  did  not  mix  with  the  coal  in  loading. 
Cover  at  points  of  sampling,  70  to  120  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  W.  D.  Schofield 
on  September  17, 1912. 

Sample  14776  was  cut  from  the  face  of  room  3,  off  the  main  entry,  3,200  feet  from 
the  mine  mouth.    The  sample  represents  5  feet  1  inch  of  clear  coal. 

Sample  14777  was  ciit  from  the  foce  of  room  13,  off  the  main  back  entry.  The 
nmple  represents  5  feet  5  inches  of  clear  coal. 
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A  componte  mnple  was  mftde  by  combinuig  Iftce  aunples  14776  and  14777.  Hie 
resiilts  of  an  ultimate  analyaifl  of  thk  sample  are  givioi  under  labcHBloiy  No.  14778. 

Notei. — ^The  room-and-pillar  system  of  mining  is  used.  At  the  time  of  sampling 
the  coal  was  undercut  by  hand  and  broken  down  with  black  powder  and  a  pennissible 
explosive.  Dynamite  was  used  for  brushing  the  floor  and  roof.  The  undercuttings 
were  loaded  with  the  coal.  Ninety-five  per  cent  of  the  coal  was  shii^ped  as  run-of- 
mine.  Ninety  per  cent  of  the  coal  going  to  the  screens  passed  through.  Two  bar 
screens,  one  being  16  feet  long  with  8-inch  opoiings  and  the  other  16  feet  long  with 
f-inch  openings,  were  used.  Pickets  were  employed  on  the  cars.  The  average  dafly 
output  was  350  tons.  About  one-third,  of  the  coal  was  from  advance  workings  and 
two-thirds  from  pillars.  There  was  possibly  160  acres  of  unmined  coal.  Tha«  were 
three  loading  tracks,  with  a  capacity  of  20  loaded  cars  and  30  empty  cats. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  67,  443. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  316,  1907,  p.  38^. 

LAS  ANIMAS  COX7NTY. 

COKEOALE.      COKEDAXB  MiNS. 

Sample, — Bituminous  (coking)  coal;  Trinidad  field;  analyses  Nos.  11768,  11769, 
11770,  and  11771  (p.  28;. 

Mine, — Cokedale,  a  drift  mine  in  sec.  25,  T.  33  S.,  R.  65  W.,  at  Cokedale,  on  a 
branch  of  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — Known  as  the  Cokedale.  Cretaceous  age,  Vermejo  formation.  Average 
thickness,  6  feet.    Roof,  sandstone;  floor,  shale.    Cover,  40  to  60  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberta 
on  February  24, 1911,  as  described  below: 


Sections  of  coal  bed  in  the  CokedaU  mine. 


86cUon 

Lsboretorv  No 

Roof,  sandstone: 

Cool 

Bone 

Coal 

Bone 

Coal 

Bone 

Coal 

Bone 

Coal 

Floor,  shale: 

Thickness  of  bed 

Thickness  of  ooal  sampled 


A. 

B. 

11768 

117(9 

Ft.  in. 

Ft.    in. 

2     4 

2     7 

oO     2 

0     5 

0     9 

0     4 

aO      7 

cl      2 

2      3 

0     7 

«  •         •  • 

aO      6 

•   w               •   ■ 

0      4 

•  m             •  a 

oO      1} 

..       .. 

0    10 

6      1 
5      4 

S'3 

c. 

11770 

Ft.  in. 

2      5 


0 

0 

aO 

2 


7 
7 
3 
3 


e 

6 


1 

S 


a  Not  included  in  sample. 

Section  A  (sample  11768)  was  measured  at  the  face  of  room  8,  of!  west  entry  4. 

Section  B  (sample  11769)  was  measured  at  the  face  of  room  21,  off  west  entry  1. 

Section  C  (sample  11770)  was  measured  at  the  face  of  room  10,  off  west  entry  6. 

A  composite  sample  was  made  by  combining  face  samples  11768,  11769,  and  11770. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11771. 

Notes. — ^At  the  time  of  sampling  the  output  was  1,200  tons  a  day. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  69,  447. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Qeol.  Survey 
Bull.  381,  1910,  p.  399. 
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Dblaoua.    Dblaoua  Mine. 

Sample, — ^BituminouB  (cokiDg)  coal;  Trinidad  field;  analyses  Nos.  11435,  11436, 
11437,  and  11443  (p.  28). 

Mine. — ^Delagna,  a  shaft  mine  in  sec.  15,  T.  31  S.,  R.  65  W.,  at  Delagua,  20  miles 
north  of  Trinidad,  on  the  Colorado  &  Southeaston  IRailway. 

Coal  bed. — ^Enown  as  the  Delagua.  Cretaceous  or  Tertiary  age,  Raton  formation. 
Thickness,  5  feet  to  6  feet.  Roof,  shale  12  to  20  inches  thick.  Cover  at  points  of 
sampling,  450  to  500  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberts  on 
December  9, 1910,  as  described  below: 

Sections  of  coal  bed  in  the  Delagua  Mine. 


Section 

Laboratory  No. 
Roof,  shale. 
Coal 


Coal 

Floor,  not  stated. 

TniclmfWB  of  bed 

ThickiMaB  of  ooal  sampled . 


A 

B 

11436 

11436 

Ft.  in. 

Ft.  in. 

2    10 

6     6 

2     9| 

6      8 

6      6 

6      8 

6     6 

c 

11437 

J^.    in, 

2       8 

aO       4 

2       8 


6 
6 


8 
4 


a  Not  included  in  sample. 

Section  A  (sample  11435)  was  measured  at  the  face  of  room  1 ,  east  entry  24,  off  north 
entry  3. 

Section  B  (sample  11436)  was  measured  at  the  face  of  east  entry  18,  off  north  entry  4. 

Section  G  (sample  11437)  was  measured  at  the  fiice  of  room  5,  west  entry  3,  off  north 
entry  4. 

A  composite  sample  was  made  by  combining  face  samples  11435, 11436,  and  11437. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11443. 

NoUm, — ^At  the  time  of  sampling  the  output  was  1,000  to  1,500  tons  a  day. 

For  anal3rBe8  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  69,  448. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381,  p.  410. 

For  results  of  tests  of  other  coal  from  this  mine  see  mention  of  specific  tests  as 
follows— Washing  tests:  U.  S.  Qeol.  Survey  Bull.  368,  p.  27;  coking  tests:  U.  S.  Geol. 
Survey  Bull.  368,  p.  39. 

Forbes.    Forbes  No.  9  (or  Cox)  Mine. 

iSamp^f.— Bituminous  coal;  Trinidad  field;  analyses  Nor.  11926,  11927,  11929,  and 
11930  (pp.  28  and  29). 

Jl»n€.— Forbes,  a  drift  mine  in  sees.  15  and  16,  T.  32  S.,  K.  64  W.,  at  Forbes,  on  a 
spur  of  the  Denver  &  Rio  Grande  Bailroad. 

Coal  M.— Walsen.  Cretaceous  age,  Vermejo  formation.  Average  thickness  about 
4  feet;  dip  1^  southwest.  One  foult  showing  a  displacement  of  3  feet  has  been  found. 
The  roof  is  a  hard,  smooth,  dark-gray  shale,  overlain  by  sandstone.  The  floor  is  a  thin, 
hard,  smooth  shale,  underlain  by  18  inches  of  coal;  beneath  the  coal  is  shale.  Cbver 
at  paints  of  sampling,  300  to  400  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberts  on 
March  16, 1911. 

Sample  11926  was  cut  from  the  face  of  the  first  crosscut,  off  west  entry  1;  2,800  feet 
southwest  of  the  slope  opening.    The  sample  represents  4  feet  4  inches  of  clean  coal. 

Sample  11927  was  cut  from  the  face  of  west  entry  6;  3,800  feet  southwest  of  the 
slope  opening.    The  sample  represents  3  feet  9  inches  of  clean  coal. 
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Sample  11929  was  taken  in  room  6,  off  west  entry  4;  3,200  feet  southwest  of  the  slope 
opening.    The  sample  represents  3  feet  11  inches  of  clean  coal. 

A  composite  sample  was  made  by  combining  face  samples  11926,  11927,  and  11929. 
The  results  of  an  ultimate  analyms  of  this  sample  are  given  under  laboratory  No.  11930. 

Notes.— The  room-and-pillar  system  of  mining  is  employed.  At  the  time  the  mine 
was  visited  the  coal  was  undercut  by  hand  and  broken  down  with  black  powder; 
"40  per  cent"  dynamite  was  used  for  brushing  the  roof  and  taking  up  the  bottom. 
Nearly  95  per  cent  of  the  coal  was  shipped  as  run-of-mine.  The  coal  was  friable, 
about  38  per  cent  passing  through  a  2-inch  screen.  Pickers  were  employed  on  the 
cars  in  loading.  There  were  three  loading  tracks,  with  a  capacity  of  30  empty  cars 
and  60  loaded  cars.  About  80  per  cent  of  the  coal  was  recovered,  40  per  cent  being  from 
advance  workings  and  40  per  cent  from  pillar  workings.  The  daily  output  was  600 
to  700  tons. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Greol.  Survey 

Bull.  381,  1910,  p.  402. 

Hastings.     Hastings  Mink. 

Sample. — ^Bituminous  (coking)  coal;  Raton  Mesa  field;  analyses  Nos.  12028,  12029, 
and  12031  (p.  29). 

Mine. — Hastings,  a  slope  mine  in  sec.  25,  T.  32  S.,  R.  64  W.,  at  Hastings,  on  the 
Colorado  di^ Southeastern  Railroad,  with  connections  to  the  Colorado  &  Southern 
Railway  and  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — Berwind  (?)  and  Hastings.    Cretaceous  age,  Vermejo  formation. 

The  Hastings  bed  averages  about  8  feet  in  thickness  and  dips  5°  west.  The  roof 
and  floor  are  diale.    Cover  at  points  of  sampling,  about  800  feet. 

The  bed  was  measured  and  sampled  at  Iwo  points  in  the  mine  by  J.  C.  Roberts  on 
April  6,  1911,  as  described  below: 

Section  of  Hastings  bed  in  Hastings  mine. 


Laboratory  No 

Roof,  shale. 

Coal - 

Coal,  bony 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled , 


laoss 

Ft. 

in. 

0 

0 

al 

0 

3 

5 

10 

5 

9 

5 

a  Not  included  in  sample. 

The  sample  was  measured  on  the  pillar  between  south  entries  7  and  8,  8,300  feet 
from  the  mouth  of  the  s  ope. 

Sample  12031  was  taken  in  south  entry  7,  at  the  fifth  crosscut,  8,200  feet  from  the 
mouth  of  the  slope. 

The  Berwind  (?)  bed  is  about  40  feet  below  the  Hastings.  The  roof  is  sandstone; 
it  is  smooth  and  does  not  adhere  to  the  coal  in  mining.  The  floor  is  a  hard,  smooth 
sandstone.    The  cover  is  800  feet  thick. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  C.  Roberts  on 
April  6, 1911,  as  described  below: 

Section  of  Berwind  (f )  bed  in  Hastings  mine. 


Laboratonr  No , 

Roof,  sandstone. 

Coal 

Coal,  bony 

Coal 

Coal,  bony 

Coal , 

Coal,  bony , 

Coal 

Floor,  sandstone. 

Tnidmess  of  bed 

ThlOknesB  of  coal  sampled. 


12090 

Ft. 

fn. 

1 

0 

0 

1 

0 

6 

0 

1 

0 

6 

0 

1 

2 

10 

5 

1 

5 

1 
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The  above  section  (sample  12029)  was  measured  at  the  face  of  the  slope. 

Note$. — ^The  double  entry,  room-and-pillar  system  of  mining  is  used.  At  the  time 
of  sampling,  the  coal  was  undercut  with  electric  chain  cutters  and  shot  down  with  a 
permissible  explosive.  • 

None  of  the  coal  was  sold  as  run-of-mine.  The  coal  was  screened  over  a  2^inch 
bar  screen,  about  50  per  cent  passing  through  the  screen.  The  screenings  were  washed 
with  Stewart  jigs  and  yielded  a  2-inch  product  and  slack.  The  capacity  of  the  washery 
was  400  tons  a  day.  There  were  coke  ovens  with  a  capacity  of  300  tons  and  storage 
bins  with  a  capacity  of  500  tons.  There  were  two  loading  tracks  capable  of  handling 
150  empty  and  150  loaded  can. 

The  capacity  of  the  mine  was  1,000  tons  a  day.  There  was  640  acres  of  unmined 
coal  tributary  to  the  main  entry. 

For  results  of  tests  of  other  coal  from  this  mine,  see  mention  of  specific  tests,  as 
follows:  Washing  tests,  U.  S.  Geol.  Survey  Bull.  368,  p.  27;  coking  tests,  U.  S.  Geo!. 
Survey  Bull.  368,  p.  45. 

Far  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  llines,  1913,  pp.  69,  449. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381,  1910,  p.  404. 

MORLEY.      MORLEY  MiNE. 

Sample. — Bituminous  (coking)  coal;  Trinidad  field;  analyses  Nos.  13361,  13362, 
13363,  and  13364  (p.  29). 

Mine. — ^Morley,  a  drift  and  slope  mine  at  Morley,  on  the  main  line  of  the  Atchison, 
Topeka  &  Santa  Fe  Railway. 

(Joal  bed. — Known  as  the  Engle-Starkville.  Cretaceous  age,  Vermejo  formation. 
Average  thickness,  4  to  7  feet;  dip,  15^  to  18^  west.  The  roof  is  a  shale  about  18 
inches  thick;  above  the  shale  is  sandstone.  Floor,  shale  or  sandstone.  Particles 
from  the  roof  and  floor  did  not  mix  with  the  coal  in  mining.  The  cover  at  points  of 
sampling  ranges  from  250  to  450  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberts 
on  February  17,  1912,  as  described  below: 

Sections  of  coal  bed  in  Morley  mine. 


liAbontoryMo 

Roof,  18  Inchfls  of  ooal  Itft  for  safety;  shale  and  sandstone  abore. 

Coa] 

Shale,  soft 

Coal 

Floor,  shale  and  sandstone. 

Thickness  of  ooal  mined 

TUckness  of  ooal  sampled 


A 

B 

13381 

13362 

Ft.  in. 

Ft.  in. 

2     0 

0    11 

0      2 

0     1 

3      1 

5      1 

5      3 

5      1 

5     3 

6      1 

c 

13388 
Ft.  in. 
5     1 


5     1 
5      I 


Section  A  (sample  13361)  was  measured  at  the  face  of  room  2,  off  thfrd  plane,  off 
rigjit  entry  4. 

Section  B  (sample  13362)  was  measured  at  the  foce  of  fifth  left  entry. 

Section  C  (sample  13363)  was  measured  at  the  foce  of  fourth  right  entry;  3,000  feet 
from  the  mine  mouth. 

A  composite  sample  was  made  by  combining  and  mixing  face  samples  13361, 13362, 
and  13363.  The  results  of  an  ultimate  analysLs  of  this  sample  are  given  imder  labora- 
tory No.  13364. 

Note$. — ^The  Morley  mine  is  opened  on  the  east  side  by  a  drift  and  on  the  west 
side  by  a  slope.  The  room-and-pillar  system  of  mining  is  used.  At  the  time  of  sam- 
pling the  coal  was  undercut  by  hand  and  broken  down  with  a  permissible  explosive, 
which  was  also  used  for  brushing  the  roof.    Seventy-five  per  cent  of  the  coal  was 


180 


ANAJLTSB8  OF  GOAL. 


shipped  as  run-ol-mine,  and  25  per  cent  was  screened.  Shaker  scveens,  16  feet  long 
by  6  feet  wide,  ¥rith  3-inch  and  l^-inch  holes  were  used;  W  pw  cent  passed  thiougfa 
the  acfeens.  Pickers  were  employed  in  loading  screened  coal  <m  the  can.  Hie 
lumps  were  of  medium  size  and  of  good  appearance.  The  screenings  were  ccAed; 
they  were  not  washed  before  cddng.  There  was  no  storage  bin  at  this  mine. 
There  were  two  tracks,  with  a  capacity  of  45  empty  and  45  loaded  cars.  The 
probable  lifetime  of  the  mine  is  about  25  years. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  69,  450. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381,  1910,  p.  424. 

Prim  ERG.    First  East,  First  West,  and  First  North  Primero  Mines. 

iS^omp^.— Bituminous  coal;  Trinidad  field;  analyses  Nos.  12025,  12027,  W31033 
to  W31043, 14058,  14059,  14060,  W31131  to  W31151  (pp.  29-32). 

Mines. — First  East,  First  West,  and  First  North  Primero,  drift  mines,  in  sees.  23» 
24,  25,  and  26,  T.  33  S.,  R.  66  W.,  at  Primero,  on  the  Colorado  &  Wyoming  Railway. 

Coal  bed. — Primero.  Cretaceous  or  Tertiary  age,  Raton  formation.  Average  thick- 
ness, 7  feet;  dip,  4^  northwest.  Faults,  rolls,  and  horsebacks  are  frequent.  The  rooi 
is  a  hard  black  shale;  above  the  shale  is  a  sandstone  cap  rock.  Particles  of  the  shale 
mix  with  the  coal  in  mining.  The  floor  is  a  soft  smooth  shale,  particles  of  which 
occasionally  mix  with  the  coal  in  mining.  The  cover  at  points  of  sampling  to  nuogea 
from  50  to  500  feet  at  the  First  West  mine;  from  500  to  550  feet  at  the  First  North 
mine;  and  from  600  to  850  feet  at  the  First  East  mine. 

The  bed  was  measured  and  sampled  at  16  iMunta  in  the  mine  as  follows:  2  points 
on  March  25,  1911,*  by  J.  C.  Roberts;  5  points  in  the  First  West  Primero  mine  on 
May  16, 1912;  3  points  in  the  First  North  Primero  mine  on  May  19, 1912;  and  6  points 
in  the  First  East  Primero  mine  on  May  19,  1912,  by  J.  C.  Roberts  and  W.  D.  Scho- 
field;  also  9  sets  of  duplicate  samples  were  taken  from  cars  that  were  being  loaded 
on  May  16  to  19,  inclusive,  1912,  as  described  below: 

Sample  12025  was  cut  from  the  face  of  room  1,  off  the  second  blind  back  entry.  The 
bed  at  this  point  was  5  feet  10  inches  thick,  all  of  which  was  included  in  the  sample. 

Sample  12027  was  cut  from  the  face  of  the  first  west  slope,  1,500  feet  from  the  drift 
mouth. 

Sections  of  coal  bed  in  First  East  Primero  ndne. 


Section 

Laboratory  No 

Roof, " dmw  slate''  and  sandstone. 

Coal 

Shale 

Coal 

Shale 

Natural  coke 

Coal 

Floor,  shale. 

Tmckneasofbed 

Thickness  of  ooal  sampled 


A 

B 

C 

W31144 

W31146 

WS1146 

Ft.    in. 

JFt.   la. 

FL    in. 

0    11 

0     9 

1     0 

0  i 

1  0 

0      1 

3    10 

?  4 

0      i 

•  «        •  • 

•■    •• 

•  •        •  • 

0     1| 

0     1 

8     1 

1     8 

8     7 

5     1 

6     6 

5    11 

5     1 

6     B 

5    11 

Section  A  (sample  )^  31144)  was  measured  on  a  pillar  of  room  5,  off  entry  B-0,  off 
first  blind  entry. 

Section  B  (sample  W31145)  was  measured  on  a  chain  pillar  of  east  entry  B-9. 

Section  C  (sample  W31146)  was  measured  at  the  face  of  room  4,  off  east  entry  B-IO. 

Sample  W31143  was  measured  on  a  pillar  of  right  entry  6,  between  rooms  1  and  2, 
off  third  blind  entry,  off  entry  B-8.  The  bed  measured  6  feet  1  inch  at  this  point, 
all  of  which  was  included  in  the  sample. 
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Sttnple  W31147  wm  measured  at  the  face  of  room  3,  off  eleventh  east  entry.  The  bed 
measured  7  feet  4  inches  at  this  point,  all  of  which  was  included  in  the  sample. 

Sample  W31149  was  measured  on  a  chain  pillar  of  third  blind  entry,  off  east  entry 
B-10.  The  bed  measured  7  feet  at  this  point,  all  of  which  was  included  in  the 
sample. 

A  composite  sample  was  made  by  mixing  foce  samples  W 31143,  W31144,  W31146, 
W31146,  W31147,  and  W31149.  The  results  of  an  ultimate  analysis  of  this  sample  are 
given  under  laboratory  No.  14060. 

Sections  of  coal  bed  in  First  North  Primero  mine. 


C 
W81151 
Ft.    in. 


8     5 
aO     U 


I^Abontory  No 

Roof, "  draw  slate"  and  sandstone 

&•! 

Bfloe 

Coal 

Bone  or  "sulphur" 

Coal 

Simla 

Coal 

Boob 

Coal 

Floor,  undirclay: 

ThiflkntsB  of  bed 

TlilcknesB  of  coal  sampled 


A 

B 

W31148 

W3U60 

Ft.    in. 

Ft.    in. 

0      4 

•  •            •  • 

0      1 

0     0 

1    11 

2     0 

0       i 

«0      1 

0     2 

•  •        •  • 

0      i 

•  •        *  • 

2     8 

2     2 

0       \ 

2      8 

2   4 

7    11 

7     0 

7    11 

6    11 

8     7i 

1     2 
7      i 


a  Not  included  In  sample. 

Section  A  (sample  W31148)  was  measured  at  the  face  of  room  5^  off  third  back 
entry,  off  entry  A-12. 

Section  B  (sample  W31150)  was  measured  on  a  pillar  of  room  7,  off  entry  A-12, 

Section  G  (sample  W31151)  was  measured  at  the  face  of  entry  B-9. 

A  composite  sample  was  made  by  combining  face  samples  31148,  31150,  and  31151. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14059. 


8ecHon$  of  coal  bed  in  First  West  Primero 

mine. 

flfetkn t . 

A 

W31039 

Ft.  in. 

0     8 

0       ) 

0  8 
oO      li 

1  7 
aO     2 

«  •         •  • 
•  •         •  * 

1      6 

4      9 
4     5i 

B 
W31040 
Ft.  in. 
2     6 
0     1 
0     1 
0      h 

0     6 

0      h 
0     8 

0  1 

1  6 

5     4 

5     4 

C 

W31041 
Ft.  in. 

■  •         •  • 

•  •          •  • 

■  •          •  • 

•  •        •  • 

0    11 

a'o    *2 

3  8 

4  9 
4      7 

D 
W81042 
Ft.  in. 

2  '2| 
oO     4} 

3  5 

6     0 

4  71 

E 

I,abflf»tflry Nft           .  .                 ...r  ... 

W3104a 

Roof,  san^Aone  and  "draw  slate." 

Coal 

Ft.  in. 

Bone 

Coal 

Booe.  "sulpliur'' band 

Coal          

ifhak. ,.. 

Coal 

2   10 

Natural  coke 

8balf>    -■■  - 

•  •        •  • 

0     1 

Coal 

2     1 

FloQr,  clay  and  sandstone. 

Triipkmfli(?rb«4                    .   , 

6     0 

*nitffhiMww  of  coal  samnled 

5     0 

a  Not  included  in  sample. 

Section  A  (sample  W31039)  was  measured  at  the  face  of  north  entry  2. 

Section  B  (sample  W31O40)  was  measured  at  the  face  of  room  10,  off  first  north  entry. 

Section  G  (sample  W31041)  was  measured  at  the  face  of  room  9,  off  second  south  entry. 

Section  D  (sample  W31042)  was  measured  at  the  face  of  room  5,  off  first  right  entry, 
off  the  first  west  air  course. 

Section  E  (sample  ^31043)  was  measured  at  the  face  of  room  17,  off  second  right 
entry,  off  the  first  west  air  course. 

A  composite  sample  was  made  by  combining  and  mixing  face  samples 31039  to  31043, 
Inclusive.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  labora> 
tory  No.  14058. 
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Nine  samples  were  taken  in  duplicate  at  the  mine  from  the  can  while  being  loaded. 
Fifty  pounds  of  coal  was  taken  from  each  of  four  cars.  The  four  lots  were  combined, 
quartered,  and  sampled  in  duplicate. 

DupUcate  samples  W31033  and  W3I034,  W31035  and  W31036,  W31131  and  W31132, 
W31133  and  W31134,  W31135  and  W31136,  W31137  and  W31138,  and  W31141  and 
W31142,  were  taken  from  four  cars;  dupUcate  samples  W31139  and  W31140  were 
taken  from  one  car  only;  29  cars  being  sampled  in  aU. 

Notes. — ^The  Primero  mines  are  worked  on  the  room-and-piUar  system.  At  the 
time  of  sampling  the  coal  was  undercut  by  hand.  Permissible  explosives  were  used 
for  breaking  down  the  coal  and  for  brushing  the  floor  and  roof.  When  the  mine  was 
sampled  in  1912,  all  the  coal  was  shipped  as  run-of-mine,  but  when  screened,  65  per 
cent  of  the  coal  passed  through.  The  screens  were  bars  18  feet  long  spaced  1}  inches 
apart.  The  screenings  were  washed  and  coked  at  Segundo,  the  capacity  of  the  coking 
plant  being  1 ,300  tons  a  day  and  the  capacity  of  the  washery  1,600  tons  a  day.  Pickers 
were  employed  on  the  cars.  The  lumps  on  the  cars  were  of  medium  size  and  of  good 
appearance.  There  were  four  loading  tracks  with  a  capacity  of  80  empty  and  80 
loaded  cars.  The  daily  average  output  was  1,200  tons  of  coal  with  a  capacity  of 
1,600  tons.  Seventy-five  per  cent  of  the  output  was  from  pillars  and  25  per  cent  from 
advance  workings.    The  probable  lifetime  of  the  mine  was  25  yeara. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  BulL  22, 
Bureau  of  Mines,  1913,  pp.  69-70, 450-451. 

For  results  of  tests  of  coal  from  this  mine  see  mention  of  specific  tests  as  follows— 
Washing  teste:  Bureau  of  Mines  Bull.  5,  p.  32;  coking  teste:  Bureau  of  Mines  Bull.  5, 
p.  44. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381, 1910,  p.  426. 

Starkville.    Starkville  Mine. 

^amp{0.— Bituminous  (coking)  coal;  Trinidad  field;  analyses  Nos.  11134,  11135, 
12196, 12197,  and  12198  (p.  32). 

Mine. — Starkville,  a  drift  mine  at  Starkville,  on  the  main  line  of  the  Atchison, 
Topeka  <&  Santa  Fe  Eailway . 

Coal  bed. — Engle-Starkville.  Cretaceous  age,  Vermejo  formation.  Average  thick- 
ness, 6  feet;  dip  1^  southwest.  Boof,  smooth  shale  overlain  by  sandstone;  floor,  hard 
rough  shale ;  cover,  at  pointe  of  sampling,  150  to  550  feet. 

The  bed  was  measured  and  sampled  at  two  pointe  in  the  mine  by  H.  M.  Wolflin 
(Nos.  11134  and  11135)  on  October  20,  1910,  and  at  two  pointe  by  J.  C.  Boberte  (Nos. 
12196  and  12197)  on  May  9, 1911,  as  described  below: 

Sections  of  coal  bed  in  Starkville  mine. 


Saotkni. 

Laboratory  No. 

Roof,  sfaato  and  aandstone. 

Bone 

Ckial,  dean  and  bright 

Shale. 

Coal,  clean 

Goal,  hard  and  bright 

Ck)al,dean 

Bone..  > 

Goal,  clean 

Bone 

Coal,  bright 

Bone. 

fiOiale 

Coal,  clean 

Floor,  ahale. 

Thiokness  of  bed 

ThtekneM  of  coal  sampled 


D 
13197 
FU  hL 

•  •         »  • 

0    10 


aO      8 


0 
0 
1 
0 


7 
3 
9 
3 


0    10 

5     1 
4     2 


a  Not  included  In  eample. 
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Section  A  (aunple  111^)  was  meaaured  on  the  rib  of  west  entry  8,  30  feet  outby 
slant  fioiD  new  entry. 

Section  B  (nmple  11135)  wm  measured  in  south  entry  3  near  the  second  crosscut 
from  the  new  entry. 

Section  C  (sample  12196)  was  measured  in  entry  I^  on  the  pillar  between  rooms  26 
and  27, 15,000  feet  southwest  of  the  opening. 

Section  D  (sample  12197)  was  measured  at  the  face  of  south  entry  1,  1,200  feet 
southeast  of  the  mouth  of  the  main  drift. 

A  composite  sample  was  made  from  face  samples  12196  and  12197.  The  results  of 
an  ultimate  analysis  of  this  sample  are  given  under  Laboratory  No.  12198. 

Notes. — ^The  room-and-pillar  system  of  mining  is  used.  At  the  time  of  sampling 
the  coal  was  undercut  by  hand;  no  explosives  were  used  for  breaking  down  the  coal. 
A  laige  part  of  the  output  was  sold  as  run-of-mine.  About  70  per  cent  of  the  coal 
going  to  the  screens  passed  through  a  2^inch  bar  screen;  pickers  were  employed  on 
the  cars.  The  screenings  were  washed;  the  capacity  of  the  washery  was  700  tons  a 
day;  coke  ovens,  600  tons;  storage  bins,  1,400  tons.  There  were  three  loading  tracks 
with  a  capacity  of  70  empty  and  70  loaded  cars. 

The  average  output  was  900  tons  a  day ;  unmined  area,  640  acres. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381,  1910,  p.  396. 

ToiXERBURG.    Toller  Mine. 

Sample, — Bituminous  coal;  Trinidad  field;  analyses  Nos.  13253  and  13254  (p.  32). 

Mine. — ^Toller,  a  shaft  mine  near  ToUerbuig,  on  a  spur  of  the  Colorado  &  Southern 
Railway. 

Coal  bed. — ^Berwind.  Cretaceous  age,  Yermejo  formation.  Average  thickness,  6 
feet;  dip,  4  to  5  per  cent,  southwest;  cleat,  east,  and  west.  Faults,  rolls  and  horse- 
backs occur  frequently.  The  roof  is  a  hard  shale  which  in  places  is  full  of  slips. 
Above  this  shale  is  15  inches  of  good  quality  of  roof  coal;  above  the  roof  coal  is  a  cap 
rock,  the  cap  rock  being  5  to  6  feet  above  the  coal  mined.  The  floor  is  a  soft  smooth 
sandstone.  Neither  the  roof  nor  floor  materials  mixed  with  the  coal  in  mining. 
Cover,  at  points  of  sampling,  400  to  450  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
January  8, 1912,  as  described  below: 

Sections  of  coal  bed  in  Toller  mine. 


8fgthm 

Lebontory  No. 

Roaf.slial«. 

Coal.cliaii 

Bone , 

Coal,clBtti 

Floor.  Shalt. 

TUckDMS  of  bed 

Thldmen  of  cool  sampled. 


A 

18853 
Ft,    in. 
7     0 


7     0 
7     0 


B 

12254 

Ft.  in. 

1  3 

0  4 

5  6 

7  0 

7  0 


Section  A  (sample  13253)  was  measured  at  the  face  of  the  slope,  2,500  feet  from  the 
shaft  bottom. 

Section  B  (sample  13254)  was  measured  at  the  face  of  north  entry  5,  3,000  feet  from 
the  riiaft  bottom. 

Notes, — ^The  shaft  is  350 feet  deep.  The  coal  is  mined  by  the  room-and-piUar  system. 
At  the  time  of  sampling  the  coal  was  undercut  by  hand.  Permissible  explosives  were 
used  for  breaking  down  the  coal  and  for  brushing  the  roof  and  floor.  Ninety  per  cent 
of  the  coal  was  shipped  as  run-of-mine.  The  tipple  had  shaker  screens  15  feet  long 
by  5  feet  wide  with  3>inch  holes.    Pickers  were  employed  on  the  cars  in  loading. 

47664"— Bull.  85—14 13 
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Tbe  liimps  were  of  malinm  size  and  had  m  good  appeaance.    Tlioe 

with  a  capacity  of  30  empty  can  and  25  loaded  caa.    The  avenge  daily  production 

wae  700  tooa,  with  a  capacity  of  900  tooa.    Thiee  fcwuthaof  the  coal  waa  feom  advance 

workingi  and  one-fourth  from  piUan.    Ahont  400  acres  remain  to  he  adned* 

For  a  deacriptkni  of  the  geologvr  rdadona  of  thia  coal  bed  see  U.  8.  GeoL  Survey 

BaD.  381, 1910,  p.  403. 

i8A  CQUJIT  X. 


Gbakd  JTuKcnoH.    PaoePBcr. 

Sample, — ^Bitaminons  coal;  Gmmiaon  Yalley  field;  analyaea  Noa.  lllOB  and  11109 
(p.  33). 

Mine. — Pioepect,  near  the  jimcticHi  of  the  Gnnd  and  Ghmniaon  Biven  in  aec.  26, 
T.  1  S.,  B.  1  W.,  1  mOe  south  of  Grand  JTunction,  which  is  the  nearest  station  on  the 
Denver  A  Bio  Giande  Baihoad. 

Coal  bed. — ^Unnamed.  Cretaceous  age,  Dakota  (?)  iMmation.  ISiickneB,  about  3 
feet.    Both  the  roof  and  floor  are  carbonaceous  ahale.    Cover^  about  30  feet. 

The  bed  was  measured  and  samples  were  taken  at  one  point  in  the  mine  by  E.  G. 
Woodruff  on  October  20,  1910,  as  described  below: 

8ectum$  of  coal  bed  in  proepeet  near  Orand  Junction. 


B 
iiioi 

Ft   in. 

•  1    11 

«0      I 

0    10 

2    10 
0    10 


LabonrtofyNo.>.. 

dod 

Slnla 

Coal 

Floor,  oarbonaoeoiu  ahato. 

TTitrlmaw  <rf  bed 

ThlciaiMB  of  ooal  aunptod. 


A 

11108     1 

FU 

fa. 

1 

U 

•  0 

1 

•  0 

10 

2 

10 

1 

11 

•  Not  indodad  in  aanq^ 

The  above  samples  Were  taken  in  the  entry,  about  125  feet  from  the  mouth  of  the 
entry.    At  the  time  the  samples  were  taken  the  prospect  was  not  being  worked. 

Note. — ^The  coal  is  hard  and  black  and  looks  like  good  coal,  but  contains  a  very  high 
percentage  of  ash. 

For  a  descripti^  of  the  g^logic  relations  of  this  coal  bed  see  TJ.  8.  Geol.  Survey 

Bull.  471,  1912,  p.  568. 

Grand  Junction.    Pbospbct. 

Sample. — Subbituminous  coal;  Gunnison  Valley  region;  analyses  Nos.  11104  and 
11106  (p.  33)^ 

Mine. — A  prospect  opening  between  Grand  Junction  and  White  Water,  in  sec.  5; 
T.  2  S.,  B.  1  E.,  5  miles  soutiieast  of  Grand  Junction,  which  is  the  nearest  station  on 
the  Denver  A  Bio  Grande  Bailroad. 

Coal  bed. — Unnamed  bed.  Cretaceous  age,  Dakota(7)  foimation.  Thickness, 
2  feet  6  inches.    Boof,  sandstone;  floor,  carbonaceous  shale. 

The  bed  was  measured  and  samples  were  taken  from  one  point  in  the  mine  by  £.  G. 
Woodruff  on  October  10, 1910,  as  described  below: 


Sectvone  of  coal  bed  in  prospect^  5  miles  south  of  Orand  Junction. 

fileotion 

A 

11104 
Ft.  in. 

1  8 
oO   8 
•  1   0 

2  6 
1    8 

B 

laboratory  No ..... 

UIOS 

Roof,  sandiBtODe. 

Coia 

Ftin, 
•  I   8 

Stialf^. (tray ...- 

«0   8 

Coal 

1    0 

Floor,  oarbonaoeotu  shale. 

ThlctoieBS  of  bed , 

2   0 

Thteknem  of  coal  sampled .....,-  r .......  t . . .  - .  - .  -  t  - .      r  -  -  - .  - 

1    0 

o  Not  incladed  in  sample. 
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Both  of  these  samples  were  taken  in  the  entry,  about  100  feet  from  the  mouth  of  the 
entry.    At  the  time  of  sampling  this  prospect  was  not  being  worked. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  471, 1910,  p.  669. 

MOFFAT  OOXTNTY. 
Axial.    Battle  Eba  Mine. 

Sample. — ^Bituminous  coal;  Danforth  Hills  field;  analysis  No.  14528  (p.  33). 

Jfin«.— Battle  Era;  NW.  }  sec.  14,  T.  4  N.,  R.  94  W.;  in  Moigan  Gulch,  6  miles 
west  of  Axial,  59  miles  west  and  14  miles  south  of  the  terminus  of  the  Denver  &  Salt 
Lake  Railroad. 

Coal  bed. — No  name.    Cretaceous  age,  Mesaverde  formation.    Dip,  8}^  south. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  July  29,  1912,  by 
E.  T.  Hancock,  as  shown  below: 

Section  of  coal  bed  in  Battle  Era  mine. 


LaboiBtoijNo 

Roof,  sandy  shale. 

Coal 

Shale,  carbonaoeoas 

Coal 

Floor,  carbonaceous  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


14£38 

Ft 

In. 

2 

« 

>0 

6 

8 

Hi 

11 

e 

U 

0 

a  Not  included  in  sample. 

The  sample  was  taken  in  the  entry  130  feet  northeast  of  the  mine  mouth. 
For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  415,  1910,  p.  167. 

Axial.    Ed  Collom  Mins. 

Sample. — ^Bituminous  coal;  Danforth  Hills  field;  analysis  No.  14529  (p.  33). 

Mine.— Ed  Ck)llom;  SW.  J  sec.  13,  T.  4  N.,  R.  94  W.;  in  Collom  gulch,  5i  miles 
northwest  of  Axial,  14  miles  south  and  56  miles  west  of  the  tenninus  of  the  Denver  & 
Salt  Lake  Railroad. 

Coal  bed, — ^No  name.  Cretaceous  age,  Mesaverde  foimation.  Dip,  about  40^  south- 
west. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  £.  T.  Hancock  on 
July  29,  1912. 

The  sample  was  taken  in  the  mine  75  feet  northwest  of  the  mine  mouth. 

The  bed- was  13  feet  6  inches  thick  at  the  point  sampled,  all  of  which  was  included 
in  the  sample.  The  roof  was  shaly  sandstone,  the  floor  was  carbonaceous  shale.  The 
coal  was  mined  for  local  use  only. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  415, 1910,  p.  173. 

Axial.    James  Mine. 

Sample. — ^Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12704  (p.  33). 

Mine. — James;  in  sec.  14,  T.  3  N.,  R.  93  W.;  on  Spring  Creek,  4  miles  south  of  Axial, 
on  the  Meeker-Axial  stage  road. 

Coal  bed. — ^No  name.    Cretaceous  age;  Mesaverde  formation.    Dip,  13^  S.,  66^  £. 

The  bed  was  measured  and  sampled  on  October  9, 1911,  by  E.  T.  Hancock. 

The  sample  was  taken  in  the  main  entry  100  feet  north  of  the  mine  mouth,  in  6  feet 
4  inches  of  coal .    There  was  coal  above  the  part  sampled .    The  floor  was  brown  shale. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  79,  476. 
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For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey  Bull. 
415, 1910,  p.  168. 

Axial.    Job  Gollom  Minx. 

Sample. — ^BituminouB  coal;  Danforth  Hills  field;  analysis  No.  14543  (p.  33). 

l/in«.~Joe  Gollom;  SW.iNE.isec.  2,T.3N.,  R.93  W.;  on  Spring  Creek,  limilea 
south  of  Axial;  65  miles  north  of  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — CoUom.    Cretaceous  age;  Mesaverde  formation.    Dip,  3)^  S.,  29^  W. 

The  bed  was  measured  and  sampled  at  one  point  in  the  ndne  on  July  30, 1912,  by 
£.  T.  Hancock,  as  described  below: 

Section  of  coal  bed  meastured  near  opening  of  Joe  Collom  mine. 


Laboratory  No 

Roof,  brown  shale. 

Ooal 

Shale,  brown,  sandy 

Coal 

Coal 

Floor,  brown  shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled . 


i4Ha 

Ft 

in. 

ii6 

^ 

>0 

i 

Hi 

4i 

8 

11 

» 

4 

8 

11 

•  Not  included  in  sample. 

Only  8  feet  11  inches  of  the  lower  bench  of  the  coal  bed  was  exposed  in  the  mine. 
Only  that  portion  was  sampled.  The  sample  was  taken  400  feet  northwest  of  the  mine 
mouth. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull  .22, 
Bureau  of  Mines,  1913,  pp.  79,  476. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Creol.  Survey 
Bull.  416, 1910,  p.  167. 

Axial.    Shafer  Minb. 

Sample. — ^Bituminous  coal;  Danforth  Hills  field;  analysis  No.  14909  (p.  33). 

lfin€.— Shafer;  sec.  31,  T.  4  N.,  R.  92  W.;  on  Milk  Creek,  2  miles  east  of  Axial,  50 
miles  west  and  16  miles  south  of  the  western  terminus  of  the  Denver  &  Salt  Lake 
Railroad. 

Coal  bed. — ^No  name.    Cretaceous  age;  Mesaveirde  formation.    Dip,  34^  S.,  50^  E. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  October  11, 1912,  by 
£.  T.  Hancock,  as  shown  below : 

Section  of  ooal  bed  in  Shafer  mine. 


Laboratory  No 

Roof,  brown  shale. 

Coal 

Coal,  Impare 

Coal..... 

Shale,  black,  carbonaoeoua  (3  inches). 
Floor,  brown  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


14900 

rt.  Im. 
9  6 
0  6 
3    9 


13    9 
13    9 


The  sample  was  taken  in  the  mine  189  feet  northeast  of  the  mine  mouth. 
For  a  description  of  the  geologic  relations  of  this  coal  bed  see  XJ.  S.  Geol.  Survey 
Bull.  415,  p.  170. 

Craig.    Walker  Mine. 

Sample. — Subbituminous  coal;  Yampa  field;  analysb  No.  12400  (p.  99). 
If tn«.— Walker;  sec.  17,  T.  6  N.,  R.  90  W.;  about  3  miles  southeast  of  Craig,  not  on 
any  railroad. 
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Coal  bed. — ^Unnamed.  Cretaceous  age,  Mesaverde  formation.  The  coal  u  8  feet 
thick  and  very  free  from  foreign  matter.  The  bed  was  sampled  at  one  point  in  the 
mine  by  A.  J.  Hazeiwood  on  June  20,  1911. 

The  sample  was  cut  from  the  face  of  the  main  entry,  300  feet  west  of  the  opening. 

Notes, — ^The  Walker  mine  is  an  old  country  bank  and  had  been  in  operation  20 
to  30  years.  At  the  time  of  sampling  the  coal  was  run  out  of  the  mine  in  cars  and 
dumped  into  wagons.  The  coal  was  used  entirely  for  domestic  purposes.  The  coal 
was  screened  in  the  mine  by  means  of  forks  and  the  fine  coal  was  left  in  the  gob.  It 
was  estimated  that  there  was  about  1,000  tons  of  slack  in  the  worked-over  parts  of  the 
mine.  About  one-fifth  of  the  coal  is  slack.  The  output  averaged  approximately 
20  tons  per  month.    There  was  1,000  acres  of  coal  tributary  to  this  opening. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  297,  190«,  p.  62. 

MONTEZUMA  COUNTY. 

CORTEZ.      CORTEZ  MiNE. 

Sample, — ^Bituminous  coal;  Ute  Mountain-Mancos  field;  analysis  No.  12785  (p.  33). 

Jftne.— Cortez;  NW.  J  sec.  23,  T.  36  N.,  R.  16  W.;  one-half  mfle  west  of  Cortez. 

Coal  bed. — ^The  lowest  bed  in  the  Dakota  formation;  Cretaceous  age.  Dip  6^, 
northwest.  In  many  places  this  bed  is  about  2  feet  thick  and  exceeds  that  thickness 
only  locally.  The  coal  is  extremely  irregular  in  character,  and  sections  taken  only  a 
few  feet  apart  may  not  be  alike.  In  many  places  the  roof  is  sandstone,  at  other  places 
it  is  shale,  the  shale  is  only  a  few  inches,  scarcely  ever  over  1  foot  thick.  Sandstone 
lenses  interbedded  with  the  coal  are  not  uncommon. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  October  20,  1911. 
by  F.  M.  Handy  and  M.  A.  Pishel,  as  shown  below: 

Section  of  coal  bed  in  Cortez  mine. 


LatMTBtoryNo.. 
Roof,  sandstone. 

CoAl,b(my.. 

Clay 

Sbale 

Bone 

Coal,  bony.. 

Goal 

Bone 

Coal 


Floor,  ahale. 

Tnicknessofbed 

Thickness  of  ooal  sampled . 


137tf 

Ft. 

in. 

0 

6 

aO 

6 

•  0 

Hi 

aO 

4 

aO 

7* 

0 

2 

•  0 

^ 

0 

11 

•  0 

6 

4 

H 

1 

7 

a  Not  Included  in  sample. 

Notes. — ^The  mine  is  small  and  is  worked  intermittently  for  local  trade.  No  one 
was  at  the  mine  at  the  time  the  sample  was  taken.  There  were  no  screens  at  the  mine ; 
the  entire  output  being  loaded  as  run-of-mine  coal.  The  sample  is  probably  slightly 
weathered. 

Cortez.    Hamilton  Prospect. 

Sample. — Bituminous  coal;  Ute  Mountain-Mancos  field;  analysis  No.  12686  (p.  33). 

Jfin«.-— Hamilton  prospect;  in  SE.  J  sec.  3,  T.  35  N.,  R.  18  W.,  16  miles  southwest 
of  CcNTtea. 

Coal  bed. — ^Unnamed  bed.  Cretaceous  age,  Dakota  formation.  The  bed  lies  nearly 
horizontal,  in  many  places  is  about  2  feet  thick  and  exceeds  that  thickness  only 
locally.  The  coal  is  extremely  irregular  in  character  and  sections  taken  only  a  few 
feet  apart  may  not  be  alike.    Hie  roof  is  sandstone ;  at  places  the  sandstone  is  replaced 
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by  ebale,  which  is  only  a  few  inches,  scarcely  ever  over  1  foot  thick.    It  is  not 
uncommon  to  find  sandstone  lenses  interbedded  with  the  coal. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  September  17, 
1911,  by  M.  A.  Pishel,  as  shown  below: 

Section  of  coal  bed  in  Hamilton  pro$pect,  about  16  mileB  iouthwest  of  Cortez. 


Laboratory  No 

Coal 

StaAto 

Bon« 

Coal,  bony 

Bone 

Coal 

Bono 

Thickness  of  bed , 

Thickness  of  ooai  sampled 


12886 
Ft.   is. 

0    6 
aO 
aO 

0 
«0 

0 
•  0 

2 

1 


•  Not  included  In  sample. 

The  sample  was  taken  near  the  surface  in  an  open  cut. 

Notes. — ^This  prospect  was  within  a  mile  of  an  igneous  sheet  and  it  is  probable  that 
this  sheet  extended  over  the  bed  only  a  short  distance  above  the  coal.  The  coal  at 
the  prospect  had  a  semimetallic  luster  resembling  semianthracite,  whereas  the  coal 
of  this  bed  in  the  neighborhood  of  Cortes  has  the  appearance  of  typical  bituminous 
coal.  It  is  probable  that  this  phenomenon  is  due  to  the  proximity  of  this  prospect 
to  the  Igneous  sheet  referred  to  above. 

CosTBz.    Jackson  Mine. 

Sample. — ^Bituminous  coal;  UteMountain-Mancos  field;  analyses  Noe.  16472, 10473, 
16474,  and  16475  (p.  34). 

Mn«.~-JackBon.  a  drift  mine  in  the  SW.  \  NE.  \  sec.  33,  T.  35  N.,  R.  16  W.,  10 
miles  southeast  of  Cortez,  in  the  Mesa  Verde  National  Park.  There  are  no  railroad 
connections. 

Coal  bed, — ^Lower  bed  of  the  Mesaverde  formation,  possibly  the  Spencer  bed;  Cre- 
taceous age.  Average  thickness,  2  feet  8  inches;  dip,  2^  southwest;  cleat,  northeast 
%nd  southwest.  Faults,  rolls,  and  horsebacks  occur  frequently.  The  roof  is  a  hard 
blue  shale;  above  the  shale  is  a  sandstone  cap  rock.  Floor  is  hard  smooth  shale. 
Cover  at  points  of  sampling,  30  feet. 

The  bed  was  measured  and  sampled  at  three  poihts  in  the  mine  by  J.  C.  Roberta 
on  February  13,  1913,  as  described  below: 

Sections  of  coal  bed  in  Jaekion  mine. 


Section 

A 

16473 
Ft.    in. 
2     10 

■  •            •  • 
•  •            •  • 

2      10 
2      10 

B 
IA473 
Ft.  in. 

2  7 

■  •         •  • 
•  •         •  • 

3  7 
2      7 

c 

Laboratory  No 

16474 

Roof,  sandstone. 

Coal 

FL  Ik. 
2      7 

Bhale  ami  saiidirtone , 

al      S 

Coal 

al      0 

Floor,  shale. 

Thickness  of  bed 

5       3 

Thtckmw  "f  ooal  sampled 

2      7 

a  Not  included  in  sample. 

Section  A  (sample  16472)  was  measured  at  the  ^e  of  room  4,  off  the  north  entry, 
200  feet  from  the  mine  mouth. 

Section  B  (sample  16473)  was  measured  at  the  &k«  of  the  main  entry,  170  feet 
north  of  the  mine  mouth. 
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Section  G  (sample  16474)  was  meaeuiedat  the  foce  of  the  south  entry,  95  feet  from 
the  mine  mouth. 

A  composite  sample  was  made  by  mixing  samples  16472,  16473,  and  16474.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  16475. 

Notes, — ^The  mine  ia  worked  on  the  room-and-pillar  system.  At  the  time  of  sam- 
pling the  development  consisted  of  a  pair  of  entries  driven  slightly  north  of  east  with 
four  rooms  turned.  The  coal  was  imdercut  by  hand  and  shot  down  with  black  blast- 
ing powder.  The  coal  was  screened  over  a  "grizzley "  with  wood  bars  2  inches  by 
4  inches  by  10  feet  long  spaced  three-fourths  inch  apart.  The  coal  was  used  entirely 
for  domestic  purposes.  The  dally  output  of  the  mine  was  1  ton.  Sixty  acres 
remained  to  be  mined  from  this  opening. 

CORTEZ/     MOWRT  MiNB. 

Sample. — Bituminous  (coking)  coal;  Durango  field;  analyses  Nos.  12586  and 
16479  (p.  34). 

Mine. — ^Mowry,  a  drift  mine,  1}  miles  southeast  of  Cortez,  no  railroad  connection. 

Coal  bed. — ^Unnamed  bed.  Cretaceous  age,  Dakota  formation.  The  bed  varies 
greatly  in  thickness  and  completely  pinches  out  a  quarter  of  a  mile  from  the  mine. 
The  bed  averages  about  2  feet  thick  and  exceeds  that  thickness  only  locally.  Dip, 
3^  northwest.  There  is  a  layer  of  bony  coal  in  the  lower  part  which  varies  from  2 
to  6  inches.  No  faults,  rolls,  or  horsebacks  have  been  encoimtered.  The  roof  is  a 
smooth  sandstone;  at  places  the  sandstone  is  replaced  by  shale.  The  floor  is  shale 
and  a  smooth  sandy  clay.  Particles  from  the  roof  and  floor  did  not  mix  with  the  coal 
in  mining.    Cover  at  point  of  sampling,  about  70  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  M.  A.  Pishel  on 
August  28,  1911,  and  at  one  point  by  J.  C.  Roberts  on  February  14,  1913,  as  described 
below: 

Sections  of  coal  hedin  Mowry  mine. 

8«ctiaii. A  B 

Laboratcrr  No 12580  16479 

Roof.  sandstODe.  Ft.  In,  FL  in. 

CoBl 2     2  19 

Bone aO     6  aO     5 

Floor,  day  and  shate. 

lUoknenofbed 2     8  2     S 

TUeknesB  of  coal  sampled 2     2  19 

a  Not  Included  in  sample. 

Section  A  (sample  12586)  was  taken  near  the  face,  75  feet  from  the  mine  mouth, 

fine  streaks  of  bony  coal  were  interlaminated  with  the  coal  at  this  point. 

Section  B  (sample  16479)  was  taken  in  the  main  entry  100  feet  from  the  mine  mouth, 

Noles, — ^At  the  time  of  sampling  the  coal  was  blasted  off  the  solid  with  black  blasting 

powder.    The  coal  was  marketed  for  domestic  purposes  and  was  forked  and  dumped 

diroctly  into  the  wagons  for  delivery.    The  yearly  output  was  about  150  tons. 

CoBTBz.    TpDD  Mike. 

Sample, — Bituminous  coal;  Durango  field;  analyses  Nos.  16476,  16477,  and  16478 
(p.  34). 

Mine.—Toddiy  a  drift  mine,  in  sec.  25,  T.  35  N.,  R.  16  W.,  in  the  Mesa  Verde 
National  Park,  about  7  miles  from  Cortez  and  19  miles  from  the  Bio  Grande  Southern 
Railroad. 

Coal  bed. — ^Lowest  bed  of  the  Mesaverde  formation.  Cretaceous  age.  Thickness,  2 
feet  6  inches  to  3  feet  6  inches.    The  bed  has  a  thin  persistent  parting  of  shale  one- 
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fourth  inch  to  three-fourths  inch  thick  near  the  middle.  Roof,  shale  of  poor  quality; 
above  the  shale  is  a  sandstone  cap  rock.  Floor,  hard  smooth  underday.  Particles 
of  the  roof  and  floor  did  not  mix  with  the  coal  in  loading.  Cover  at  points  of  mmpling, 
80  to  100  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberb  on 
February  12, 1913,  as  described  below: 

Sections  of  coal  bed  in  the  Todd  mine. 


Section 

Laboratory  No 

Roof,  "draw  slate". 

Coal 

Shale 

Coal 

Floor,  day. 

Thlclmeasofbed 

ThiekneBB  of  ooal  aampled 


A 

1647B 
Ft.     In. 
1   1 

0  } 

1  0 

B 
16477 
Ft.   /m. 

I  1 

1   8 

2  10 
2  10 

3  0 
3   O 

Section  A  (sample  16476)  was  measured  at  the  face  of  room  9. 

Section  B  (samj^e  16477)  was  measured  at  the  face  of  room  10. 

A  composite  sample  was  made  by  combining  hce  eaanpleB  16476  and  16477.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  16478. 

Notes, — The  mine  is  worked  by  the  room-«nd-pillar  system.  At  the  time  of  sam- 
pling the  ooal  was  undercut  and  mined  by  hand,  no  explosives  being  used.  The  imfc- 
dercuttings  were  thrown  into  the  gob.  The  coal  was  screened  over  bars  12  feet  long 
with  one-half-inch  openings  and  picked  as  it  was  being  loaded.  The  daily  output 
was  4  tons,  which  was  hauled  from  the  mine  in  wagcms.  There  were  about  80  acree 
to  be  mined  from  this  opening. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22,' 
Bureau  of  Mines,  1913,  pp.  75,  467. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

BuU.  316,  p.  389. 

Dolores.    Prospect. 

Sample. — Bituminous  coal;  TJte  Mountain-Mancos  field;  analysis  No.  12551  (p.  35). 

Jtftn^.-'Unnamed  prospect  in  the  N£.  {  sec.  29,  T.  36  N.,  B.  15  W.,  11  miles  south  of 
Dolores. 

Coal  bed. — ^Unnamed  bed.  Cretaceous  age,  Dakota  formation.  Dip,  2^  northeast. 
In  many  places  this  bed  is  about  2  feet  thick  and  exceeds  that  thickness  only 
locally.  The  coal  is  extremely  irregular  in  character,  and  sections  taken  only  a  few 
feet  apart  may  not  be  alike.  The  roof  is  sandstone,  which  in  places  is  replaced  by 
shale;  the  shale  is  only  a  few  inches,  scarcely  ever  over  1  foot  thick.  Sandstone 
lenses  interbedded  in  the  coal  are  not  uncommon. 

The  bed  was  measured  and  sampled  by  M.  A.  Piahel  on  August  18,  1911,  as  shown 

below: 

Section  of  coal  bed  in  prospect  entry,  11  miles  south  of  Dolores. 


LaboratoiTNo 

Boof,  sandy  shale. 

Goal 

ghale 

Coal 

Bone 

Cool,  flUghtty  bony 

Bone 

Coal,  bony 

Bone 

Coal 

Bona 

Coal 

Bone'ciVfeet). 

Floor,  not  ststed. 

Tlilcknessofbed 

Thjokneas  of  ooal  aampled , 


12S61 

Ft. 

/«. 

0 
•0 

u 

0 

4 

•0 

2 

0 

10 

ao 

4 

•  0 

8 

•0 

1 

0 

9 

ao 

2 

0 

4 

4 

4 

2 

H 

«  Not  tnduded  In  sample. 
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Note. — ^The  ppoepect  apparently  had  not  been  worked  for  some  time  before  the 
mnple  waa  taken,  ao  that  the  sample  is  probably  somewhat  weathered.  It  was  taken 
near  tiie  i»ce  of  the  entry,  20  feet  Irom  the  month. 

Mangos.    Haller  Mine. 

Sample. — Bituminous  coal;  Durango  field;  analysis  No.  12604  (p.  35). 

iftne.— Haller;  a  drift  mine  in  NE.  i  sec.  30,  T.  37  N.,  R.  13  W.,  6  miles  north  of 
Mancos. 

Coal  bed. — ^Unnamed  bed.  Cretaceous  age,  Dakota  formation.  Dip,  2^.  In  many 
places  this  bed  is  about  2  feet  thick  and  exceeds  that  thickness  only  locally.  The 
coal  is  extremely  irregular  in  character,  being  interlaminated  with  bone,  shale,  and 
sandstone  lenses,  and  sections  taken  only  a  few  feet  apart  may  not  be  aUke.  In 
many  places  the  roof  is  sandstone,  at  others  it  is  shale;  the  latter  is  only  a  few 
inches,  scarcely  ever  over  1  foot  thick. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  July  31,  1911,  by 
M.  A.  Pishel,  as  shown  below: 

Section  of  coal  bed  in  Haller  mine. 


Laboratory  No 

Roof,  shale. 

Coal 

Bone 

:     Coal 

Bone 

Coal 

BODO 

Coal 

Floor,  diale. 

Hiicknoss  of  bed 

Thfeknefis  of  coal  sampled 


I2G04 
Ft.   in. 

0  7 

aO  0 

0  8 

ol  2 

0  6 

aO  6 

0  6 

3    10 

1  • 


a  Not  Included  In  sample. 

The  sample  was  taken  in  the  entry,  about  50  feet  from  the  mine  mouth. 

iVote. — ^The  mine  had  not  been  worked  for  at  least  six  months  previous  to  the  time 
this  sample  was  taken,  so  the  sample  is  probably  somewhat  weathered. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  75,467. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Greol.  Survey 
Bull.  316,  p.  387. 

Mangos^    Prospect. 

Sample. — ^Bituminous  coal;  Ute  Mountain-Mancos  field;  analysis  No.  12444  (p.  35). 

Location.— An  unnamed  prospect  in  NE.  i  sec.  21,  T.  36  N.,  R.  12  W.,  8  miles 
northeast  of  Mancos. 

Coal  bed. — ^Unnamed  bed.  Cretaceous  age,  Dakota  formaticm.  Dip  6)^  south. 
In  many  places  this  bed  is  about  2  feet  thick,  and  exceeds  that  thickness  only  locally. 
The  coal  is  extremely  irregular  in  character,  being  irregularly  interlaminated  with 
bone,  shale,  and  sandstone  lenses,  and  sections  taken  only  a  few  feet  apart  may  not 
be  alike.  In  many  places  sandstone  forms  the  roof,  at  others  it  is  shaJe;  the  latter 
is  a  few  inches  to  1  foot  thick. 

The  bed  was  measured  and  sampled  July  16, 1911,  by  M.  A.  Pishel,  as  shown  below: 

Section  of  coal  bed  in  prospect  entry  8  mUes  northeoMt  of  Maneos. 


Laboratory  No 

Roof,  Moattoii^,  good. 


Coal 

Coal,  bony. 


Goal 

Shate 

Coal,  sl^^tly  bony 

Floor,  shale. 

TliickDeflS  of  bed 

Thlcknass  of  ooal  sampled . 


12444 

Pt. 

Hi. 

aO 

2 

0 

0 

0 

3 

aO 

2 

0 

2 

•  0 

n 

0 

3 

1 

8ft 

1 

2 

a  Not  included  In  samide. 
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JVbte.— ThJB  sample  waa  taken  20  feet  from  mouth  of  entry.  The  coal  was  somewhat 
weathered,  as  apparently  coal  had  not  been  taken  out  of  the  prospect  for  at  least  one 
year.  This  bed  is  not  known  to  be  thicker  at  any  place  within  3  or  4  miles  of  this 
prospect. 

OTJBAY  OOXTNTY. 
RmowAT.    Lou  Crebk  Minb. 

Sample. — ^Bituminous  coal;  Tongue  Mesa  field;  analysis  No.  12651  (p.  36). 

Mine.— Lou  Creek,  a  drift  mine  in  N£.  i  N£.  {  sec.  22,  T.  46  N.,  R.  7  W.,  10  miles 
northeast  of  Ridgway. 

Coal  bed. — ^Lou  Creek.  Cretaceous  age,  Mesaverde  formation.  The  character  of 
the  bed  outside  the  mine  is  not  known,  and  neither  top  nor  bottom  was  exposed.  The 
entry  was  run  in  on  the  coal,  wh^  appeared  to  be  at  least  20  feet  thick,  but  this  thick- 
ness may  be  due  in  part  to  cnJmng. 

The  bed  was  measured  and  sampled  by  W.  T.  Lee  on  September  12, 1911. 

The  sample  was  collected  from  the  lower  6  feet  of  the  bed  as  exposed  in  the  mine, 
600  feet  from  the  mouth  of  the  mine.  Very  little  coal  was  mined;  it  was  used  for 
local  purposes. 

BIO  BLANCO  OOXmTY. 

Mbbkbr.    Black  Diamond  Mens. 

Sample. — ^Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12776  (p.  35). 

Mine. — ^Black  Diamond;  in  sec.  15,  T.  1 N.,  R.  94  W. ;  1^  miles  northwest  of  Meeker, 
47  miles  north  of  the  Denver  A  Rio  Grande  Railroad. 

Coal  bed. — Lord.    Cretaceous  age,  Mesaverde  formation.    Thickness  at  least  14  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  October  18,  1911, 
by  E.  T.  Hancock,  as  shown  below: 

Section  of  coal  bed  in  Black  Diamond  mine. 


Laboratory  No 

Saadstone. 

Coal 

Coal,  streaked  with  shale 

Coal 

Thfokness  of  bench  mbied . 

ThJckneas  of  coal  sampled . 


12776 
Ft,4n. 
3  10 
0  4 
2  3 
6  5 
6      5 


There  was  coal  below  this  section.  The  sample  was  taken  in  the  mine  174  feet 
northeast  of  the  entrance. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine,  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  77,  471-472. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  415,  1910,  p.  153. 

Mbskbr.    Cornrixb  Mine. 

Sample. — ^Bituminous  coal;  Danforth  HiUs  field;  analysis  No.  12G95  (p.  S5). 

ift7i«.-— Oomrike  mine;  SW.  i  sec.  10,  T.  2  N.,  R.  93  W.;  10  miles  northeast  of 
Meeker;  54  miles  north  of  Rifle,  which  is  on  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — No  name.  Cretaceous  age,  Mesaverde  formation.  Dip  20^  S.,  27^  E. 
Total  thickness  measured  outside  of  mine,  21  feet  7  inches. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  E.  T.  Hancock, 
on  October  5,  1911. 

The  sample  was  taken  in  the  mine,  30  feet  northeast  of  the  mine  mouth,  in  a  7-f6ot 
6-inch  bench  of  clean  coal.    There  was  coal  above  and  below  the  bench. 
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Notes. — For  a  description  of  the  coal  beds  in  this  township,  see  U.  S.  Geol.  Survey 
Bull.  415,  1910,  pp.  160-162. 

Mbbkbr.    Fairfibld  Mine. 

Sample. — Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12518  (p.  35). 

JWTMr.— Fairfield;  SW.  }  sec.  28,  T.  1  N.,  R.  94  W.;  2J  miles  west  of  Meeker  and 
45  miles  north  of  the  Denver  &  Bio  Grande  Railroad. 

Coal  bed. — No  name.    Cretaceous  age,  Mesaverde  formation.    Dip,  42*^  N.,  67^  W. 

The  bed  was  measiured  and  sampled  at  one  point  in  the  mine  by  E.  T.  Hancock 
on  August  12,  1911,  as  shown  below: 

Section  of  coal  bed  in  Fairfield  mine. 


Laboratory  No 

Roof,  coal  (not  mined). 

Coal 

Bone 

Coal 

Floor,  oarbonaoeoas  shale. 

TnickneaB  of  ooal  mined . . 

ThteimeM  of  ooal  sampled. 


I25I8 

Ft. 

[n. 

6 

0 

aO 

4 

0 

4 

6 

8 

6 

4 

«  Excluded  from  sample. 

The  sample  was  taken  in  the  mine,  300  feet  northeast  of  the  mine  mouth. 
For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
Bull.  316,  1910,  p.  143. 

Meeker.     Meeker  Mine. 

Sample. — Bituminous  coal;  Danforth  HiUs  field;  analysis  No.  12426  (p.  35). 

IfwK.— Meeker  NW.  }  sec.  22,  T.  1  N.,  R.  94  W.,  three-fourths  mile  northwest  of 
Meeker  and  46  miles  north  of  the  Denver  &  Bio  Grande  Railroad. 

Coal  bed. — Old  Pollard.    Cretaceous  age,  Mesaverde  formation.    Dip,  20^  NW. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  £.  T.  Hancock 
on  July  15,  1911. 

The  sample  was  taken  in  the  mine  about  500  feet  northeast  of  the  mine  mouth 
and  represents  6  feet  6  inches  of  coal.  There  was  sandstone  above  the  coal  and 
brown  shale  below  it. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  IJ.  S.  Geol.  Survey 
BuU.  316,  1910,  p.  151. 

Meeker.    Montoomebt  Mine. 

Sample. — ^Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12777  (p.  35). 

Jftn^.— Montgomery;  SE.  }  NW.  i  sec.  29,  T.  1  N.,  R.  94  W.;  3  miles  west  of 
Meeker,  on  the  main  stage  road,  and  about  42  miles  north  of  the  Denver  &  Rio  Grande 
Railroad. 

Coal  bed. — No  name.  Cretaceous  age,  Mesaverde  formation.  Thickness,  7  feet 
6  inches.    Dip,  60<>  NW. 

The  bed  was  measured  and  sampled  by  £.  T.  Hancock  on  October  18,  1911. 

The  sample  was  taken  in  the  mine  474  feet  northeast  of  the  mine  mouth,  in  7  feet 
6  inches  of  coal.    There  was  sandstone  above  the  coal  and  a  brown  shale  below  it. 

For  a  description- of  the  coal  beds  of  Meeker  Township  see  IJ.  S.  Geol.  Survey] 
BuU.  316,  1910,  pp.  141-160. 

Mebkib.    Sulphur  Creek  Mine. 

Sample. — ^Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12773  (p.  35). 

IftTW.— Sulphur  Creek,  in  SE.  J  sec.  3,  T.  1  N.,  R.  94  W.,  on  Sulphur  Creek,  2} 
milee  north  of  Meeker  and  49  miles  north  of  the  Denver  &  Rio  Grande  Railroad.  No 
railroad  connections. 
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Coal  bed. — No  name.    Cretaceous  age;  Meeaveide  formation. 
The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  E.  T.  Hanoo<*k 
on  October  17, 1911 ,  as  shown  below: 

Section  of  coal  bed  in  Sulphttr  Creek  mine. 


Laboratory  No 

Boof,  eoal  (not  mined). 

Coal 

Bandstone,  shaly 

Coal 

Sandstone,  shaly , 

Coal 

Shale,  carbonaceous 

Coal.. 

Floor,  shale. 

Thickness  of  bench  mined . 

TUckness  of  coal  sampled . 


1277S 
Ft,  in. 
1      8 

0        \ 

0      1 
ao        4 

1 
«0 

2 


4 


5      9 
5      71 


•  Not  Inclnded  in  sample. 

Tlie  sample  was  taken  in  the  mine,  245  feet  north  of  the  mine  mouth. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  77,  78,  473. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  (jeol.  Survey 
Bull.  415, 1910,  p.  155. 

Mbbkbr.    Wesson  Mine. 

Sample, — ^Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12705  (p.  36). 

Jfine.— Wesson,  on  the  west  side  of  Coal  Creek,  in  sec.  30,  T.  2  N.,  R.  92  W.,  12 
miles  northeast  of  Meeker  and  55  miles  north  of  the  Denver  &  Rio  Grande  RaahKiad. 

Coal  bid, — No  name.  Cretaceous  age,  Mesaverde  formation.  Thickness,  about  22 
feet  ^  inches.    Dip,  W  SW. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  E.  T.  Hancock 
on  October  6,  1911,  as  shown  below: 

Section  of  coal  bed  in  the  We»9on  mine. 


Laboratory  No... 
Coal  (not  mined). 
Coal. 


Coal,  shaly... 
Coal 


Shale,  carbonaoeoos . 
Coal 


Sandstone. 
Coal 


CoaHnot  mined). 

Tliiekness  of  eoal  mined . . 
ThickzMBs  of  ooal  sampled . 


12706 

Ft. 

fll. 

2 

1 

0 

1 

11 

0 

aO 

1 

3 

4 

aO 

# 

2 

8 

U 

S| 

18 

2 

a  Not  included  in  sample. 

Sample  12705  was  taken  in  the  mine,  258  feet  northwest  of  the  mine  mouth. 
For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  8.  Geol.  Survey 
Bull.  416, 1910,  p.  164. 

IDAHO. 
BOISB  OOXmTY. 

HOBSEBHOB  BbND.      HeNKT  MOfB. 

Sample. — Subbituminous  coal;  Horseshoe  Bend  field;  analyses  Nos.  12391  and 
12708  (p.  36). 

Mine. — ^Henry,  a  slope  mine  in  NW.  {  sec.  3,  T.  6  N.,  R.  2  £.,  at  Horseshoe  Bend, 
about  20  miles  north  of  Boise. 
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Coal  bed.-— No  name.  Tertiary  age,  Payette  fonnation.  Thickneas  inegular,  aver- 
age 18  to  20  inchee;  dip  about  60°  weet.    Roof,  black  shale;  floor,  day. 

The  bed  was  sampled  and  measured  at  one  point  in  the  mine  by  C.  T.  Eork  and 
0.  F.  Bowen,  on  June  22  and  at  one  point  by  0.  F.  Bowen  on  October  8,  1911,  as 
shown  below; 

Section  of  coal  bed  in  Henry  mine. 


LaboxBtoryNo 

Roof,  shAle. 

Coal 

Clay 

Bone • 

Coal 

Bone 

Clay 

Floor,  sandstone. 

Thickness  of  bed , 

TUBkoeas  of  eoal  sampled. 


■•^ ' 


13703 
Ft  in. 
1    e 

•0  4 

•  0  2 

aO  4 

aO  3 

aO  2 

3      0 
1      6 


a  Not  Incladed  in  sample. 

Notes. — Sample  12703  was  taken  in  the  Jensen  level,  140  feet  from  the  mouth  of  the 
slope  and  about  175  feet  below  the  sui&ce.    It  represents  freshly  mined  coal. 

Sample  12391  was  taken  about  60  feet  from  the  mouth  of  the  slope  and  represents  2 
feet  of  coal.  As  the  face  had  been  exposed  to  the  atmosphere  for  about  a  year  the  coal 
was  perhaps  more  or  less  weathered. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
Bull.  631, 1911,  p.  249. 

CASSIA  OOTTNTT. 

Oaklet.    Wobthinoton  Mine. 

Sample. — Lignite;  Ooose  Creek  district;  analysis  No.  12643  (p.  36). 

Mine. — ^Worthington;  a  slope  mine  SE.  i  sec.  26  (unsurveyed),  T.  16  S.,  R.  20  E., 
on  Goose  Creek,  about  22  miles  southwest  of  Oakley. 

Lignite  6erf.— Worthington.  Tertiary  age,  Payette  (?)  formation.  Dip,  about  10** 
east.  The  bed  was  measured  and  sampled  at  one  point  in  the  mine,  by  C.  F.  Bowen 
on  September  19, 1911,  as  shown  below: 

Section  of  lignite  bed  in  Worthington  mine. 

Laboratory  No 12643 

Root  clay.  I  ^<*  <^ 

Lignite 1     8 

Clay -0     U 

Upait» 2     4 

Thickness  of  bed 


4     14 

Thickness  of  ooal  sampled i      4     0 

•  Not  incladed  in  sample. 

The  sample  was  taken  in  the  slope  about  200  feet  from  its  mouth. 

Notes. — ^This  is  the  most  important  bed  in  the  Goose  Creek  district.  At  the  time  of 
sampling  in  1911  the  mine  had  been  idle  for  more  than  a  year.  For  a  description  of 
the  geologic  relatLons  of  this  coal  bed,  see  U.  S.  Geol.  Survey  Bull.  631  1913,  p.  268. 

FBBMONT  OOXmTY. 

Haden.    Brown  Bear  Mine. 

Sample.- -BitommouB  coal;  Teton  Basin  field;  analysis  No.  16116  (p.  36). 
Mine. — ^Brown  Bear;  in  sec.  26,  T.  6  N.,  R.  43  E.;  Horseshoe  Creek  district,  about 
10  miles  southwest  of  Haden. 
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Coal  bed.-^ot  named.    Cretaceous  age;  formation  not  yet  determined. 
The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  E.  G.  WoodrufiF  on 
September  28, 1912,  as  shown  below: 

Section  of  coal  bed  in  Brown  Bear  mine. 


LBborstory  No 

Roof,  ahale. 

Coal 

Shale 

Coal 

Shale. 

Thickness  of  bed: 

Thickness  of  coal  sampled. 


15115 

J^  In. 

3 

11 

aO 

w 

1 

1 

S 

3 

6 

0 

a  Not  Indoded  in  sample. 

Sample  15115  was  taken  at  the  end  of  the  north  entry,  950  feet  from  the  portal^ 
where  mining  had  been  done  recently  and  where  the  coal  was  un weathered. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  TJ.  S.  Geol.  Survey 
Bull.  541,  1914. 

Haden.    Horseshoe  Mine. 

Sample. — ^Bituminous  coal;  Teton  Basin  field;  analysis  No.  15116  (p.  36). 

Mine. — ^Horseshoe;  in  sec.  6,  T.  4  N.,  R.  44  E.;  Horseshoe  Creek  district,  about 
10  miles  southwest  of  Haden. 

Coal  bed. — ^Not  named.    Cretaceous  age;  formation  not  yet  determined. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  E.  G.  Woodruff 
on  September  28, 1912,  as  shown  below: 

Section  of  coal  bed  in  Horeeshoe  mine. 


Laboratory  No 

Roof,  shale. 

Coal 

Sandstone 

Coal 

Coal,  very  impure 

Coal 

Flo(»\  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


ISllfl 

^lll. 

1 

11 

aO 

10 

3 

4 

al 

0 

3 

3 

U 

1 

8 

6 

a  Not  included  in  sample. 

Notes. — ^This  sample  was  taken  in  an  abandoned  mine  about  200  feet  from  the  portal 
at  a  point  where  the  bed  is  under  60  feet  of  cover.  The  mine  was  dry.  The  face  had 
been  exposed  for  more  than  a  year  and  was  cleaned  before  sampling.  The  coal  was 
probably  slightly  weathered. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
Bull.  541,  1914. 

ILLINOIS. 
MADISON  G0T7NTY. 

Collins viLLE.    Cantinb  No.  3  Mine. 

Sample. — ^Bituminous  coal;  Illinois  field;  analyses  Nob.  10956,  10957,  10958,  and 
10959  (p.  36). 

Mine. — Cantine  No.  3,  a  shaft  mine  in  the  Central  Illinois  district,  1  mile  east  of 
CoUinsville,  on  the  Vandalia  Railroad. 

Coal  bed. — ^Herrin  coal  (Belleville,  No.  6)  of  the  United  States  Geological  Survey. 
Carboniferous  age,  Carbondale  formation.  Average  thickness,  7  feet  3  inches.  The 
roof  is  a  gray  shale,  above  the  shale  is  a  limestone  cap  rock.  The  floor  is  a  smooth, 
hard  fire  clay. 
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The  bed  was  meamired  and  sampled  at  three  points  in  the  niine  by  P.  M.  Riefkin 
on  September  23,  1910,  as  described  below  : 

Sections  of  coal  bed  in  CanHne  No.  S  mine. 


Section 

LabontoryNo 

Roolj  gray  ahale. 

"Sulphur"].'!!!!.'!.*!!!."!! 

Coal 

"Sulphur" 

Coal 

"Sulphur" 

Coal 

Mother  ooal 

Coal 

"Sulphur" 

Coal 

Hard  blue  band 

Bottom  ooal 

Fl0OT,fliBcla7. 

ThJoknenofbed 

ThifikneBe  of  ooal  Bampled 


o  Not  included  hi  mnide. 

Section  A  (sample  10956)  was  measured  on  the  rib,  10  feet  from  the  face  of  west 
entry  10  off  the  north  heading,  3,200  feet  northwest  of  the  shaft. 

Section  B  (sample  10957)  was  measured  at  the  face  of  the  first  stub  on  east  entry  8 
off  the  north  heading,  4,200  feet  north  of  the  shaft. 

Section  G  (sample  10958)  was  measured  on  the  rib  8  feet  from  the  face  of  east  entry 
7,  off  the  south  heading,  2,500  feet  southeast  of  the  shaft. 

A  composite  sample  was  made  by  combining  face  samples  10956,  10957,  and  10958. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
10959. 

Notes. — ^The  mine  is  opened  by  a  shaft  165  feet  deep.  At  the  time  of  sampling  the 
coal  was  undercut  with  punching  machines  and  broken  down  with  black  powder. 
The  tipple  was  equipped  with  shaker  screens  to  prepare  the  coal  for  various  commercial 
and  domestic  sizes.  There  were  four  loading  tracks  with  a  capacity  of  40  loaded 
and  20  empty  cars. 

MONTOOHEBY  COT7NTY. 
Panama.    Panama  No.  1  Mine. 

Sample, — Bituminous  coal;  Illinois  field;  analyses  Nos.  11352,  11353,  and  11354 
(p.  37). 

Mine. — ^Panama  No.  1,  a  shaft  mine  in  Gresham  Township,  one-fourth  of  a  mile 
north  of  Panama,  on  the  Toledo,  St.  Louis  &  Western  Railroad. 

Coal  bed. — ^Heirin  coal  (Belleville,  No.  6)  of  the  United  States  Geological  Survey. 
Carboniferous  age,  Garbondale  formation.  Thickness,  6  feet  6  inches  to  7  feet  6  inches. 
Roof,  limestone;  floor,  clay.  The  bed  was  measured  and  sampled  at  two  points  in 
the  mine  by  R.  Y.  Williams,  on  November  23,  1910,  as  shown  below: 

Sections  of  coal  bed  in  Panama  No.  1  mine. 


ueciiOD. 

Laboratory  No 

Roof,  limestone. 

Ooal 

"Sulphur" 

Coal 

"Sulphur" 

CSoaL 

o  Not  included  in  sample. 


{ 


A 

11352 
Ft.  in. 
1    11 
a  Knife 
edge. 

•  0      i 
0    e 
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Seetiona  of  coal  bed  in  Panama  No.  1  mine — Continued. 


Boof,  limestone— Continued. 

''Sulphur" 

Coal 

Mineral  charcoal 

Coal 

"Sulphur" 

Coal  . 

"  Sulphtir  "  (biue  band) '. '. 

Coal 

"Sulphur" 

Coal 

"Sulphur" 

Coal.. 

"Snlidxur" 

Coal 

Floor,  day. 

TnlcknesB  of  bed 

ThJkJknesB  of  ooal  aampled 


Ft. 

In. 

FL     in. 

aO 

i 

aO       1 

0 

2 

0 

1 

0* 

1      4 

•  0 

i 

r   aKnito 
\     edge. 

0 

1 

.S  1 

•  0 

i 

0 

10 

0    U| 
aO        } 

aO 

i 

0 

11 

0      2 

aO 

U 

aO        i 

0 

2 

0      1 

aO 

i 

aO      1 

1 

2 

0      4 

7 

6 

6      71 

7 

3 

6      31 

a  Not  faicluded  in  sample. 

Section  A  (flample  11352)  was  measured  at  the  face  of  room  1,  thiid  south  stub  ofiP 
the  third  southeast  entry,  about  2,000  feet  from  the  shaft. 

Section  B  (sample  11353)  was  measured  at  the  face  of  room  4,  third  north  stub  off 
west  entry  6,  off  north  entry,  2,000  feet  from  the  shaft. 

A  composite  sample  was  made  by  combining  face  samples  11352  and  11353.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11354. 

Notes. — The  mine  is  opened  by  a  shaft  about  375  feet  deep.    The  coal  is  mined  by 

both  the  room-and-pillar  and  the  panel  systems.    Entry  pillars  are  left  to  protect  the 

entries.    At  the  time  of  sampling  the  mine  was  equipped  to  produce  2,500  tons  of 

coal  per  8-hour  day. 

BAUNX  OOTTKPrY. 

Harrisburo.    O'Gara  No.  9  Mine. 

^ompfe.'-Bituiiiinous  coal;  Illinois  field;  analysis  Nos.  12794  and  12795  (p.  37). 

Mme. — O'Gara  No.  9,  a  shaft  mine  in  the  SaUne  County  district,  1  mile  oouik  of 
Harriabuig,  on  the  Big  Four  Railroad. 

Coal  bed. — No.  5  of  the  Illinois  Geological  Survey.  Carboniferous  age,  Carbondale 
formation.  Average  thickness,  6  feet;  dip  3  per  cent  northeast.  Cleat,  northeast  and 
southwest.  Occasional  dikes  axe  encountered.  Boof,  a  blue  shale;  2  to  14  inches  of 
this  shale  comes  down  with  the  coal  in  mining;  floor,  a  hard  clay.  Cover  at  points 
of  sampling,  150  to  240  feel 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  H.  I.  Smith  on 
August  27, 1911,  as  described  below: 

Sections  of  coal  bed  in  O^Gara  No.  9  mine. 


pf> 


Section 

Laboratory  No. 

Roof,  blue  shale. 

Coal,  bright 

Motmr  ooal  or  "sulphur' 

Coal,  bright 

"Sulphur" 

Coal,  laminated  with  dirt  bands. 

Bone  or  "sulphur" 

Coal,  bright 

Floor,  hard  clay. 

Thickness  of  bod 

Thiokness  of  coal  sampled 


A 

B 

13794 

HTM 

Ft.     in. 

FL      in. 

0     7| 

aO      IS 

0      6 

0      6 

•  •           mm 

aO       i 

•  0       i 

1      3 

•  •        •• 

4    l4 

•  •        •  • 

6      1 

7     5 

6      7i 

7     3 

6      7 

a  Not  included  in  sample. 

Section  A  (sample  12794)  was  measured  at  the  face  of  west  entry  3,  off  the  main 
south  entry,  between  rooms  18  and  19,  about  3,000  feet  from  the  shaft. 

Section  B  (sample  12795)  was  measured  at  the  face  of  the  second  crosscut  in  room  11, 
off  west  entry  3,  off  the  main  south  entry. 
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Notes.— The  mine  is  opened  by  a  shaft  152  feet  deep.  The  coal  ia  mined  by  the 
room-and-pillar  system.  At  the  time  of  samplxDg  the  coal  was  undercut  by  electric 
chain  cutting  machines  and  shot  down  with  0,  F,  FF,  and  FFF  black  blasting 
powder.  No  explosives  were  used  for  brushing  the  roof  or  floor.  None  of  the  coal 
was  shipped  as  run-of-mine.  The  screening  equipment  conflisted  of  a  double-decked 
bar  screen  21  feet  long  by  7  feet  wide,  the  upper  screen  having  openings  2  inches  by  2i 
inches  and  the  lower  screen  opening  1(  Inches  square.  Pickers  were  employed  on 
the  car  in  loading.  There  were  three  loading  tracks  with  a  capacity  of  40  empty 
and  60  loaded  care.  The  daily  output  averaged  2,500  tons;  the  capacity  was  3,100 
tons. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  90,  507. 

For  results  of  tests  of  coal  from  this  mine  see  mention  of  spediic  tests  as  follows — 
Steaming  tests:  U.  S.  Geol.  Survey  Bull.  332,  p.  119;  Bureau  of  Mines  BuU.  23,  pp. 
61, 159;  briquetting  tests,  U.  S.  Geol.  Survey  Bull.  332,  p.  119. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

Bull.  316,  1907,  p.  130. 

VERMILION  COtTNTY. 

Wbstvillb.    Little  VEimniioN  Minb. 

Sample. — ^Bituminous  coal;  IlHnois  field;  analysis  Ko.  14682  (p.  37). 

Mine. — ^Little  Vermilion,  a  mine  in  the  Grape  Creek  district,  sec.  19,  T.  18  N., 
K.  11  W.,  2  miles  south  of  Westville. 

Coal  bed. — ^No.  6  of  the  Illinois  Geological  Survey.  Carboniferous  age,  Garbondale 
formatian. 

Sample  14682  represents  a  car  of  run-of-mine  coal  used  in  combustion  test  (test  No. 
336)  at  the  Bureau  of  Mines  testing  plant  at  Pittsburgh,  Pa.  The  sample  was  taken 
by  £.  B.  linkeuhoker  while  the  car  was  being  unloaded. 

INDIANA. 
StrUilVAN  OOTJNTY. 

DUGOER.      V  AND  ALIA  No.  10  MiNB. 

i9amp2^.— Bituminous  coal;  bituminous  coal  field;  analyses  Nos.  10960  and  10961 

(p.  37). 

Mine. — ^VandaKa  No.  10, 1)  miles  southwest  of  Dug^r,  on  the  Vandalia  Railroad. 

Coal  bed. — No.  4  of  the  Indiana  Geological  Survey.  Carboniferous  age,  Allegheny 
formation.  Average  thicknees,  about  5  feet  6  inches.  Roof,  a  gray  shale  20  feet  thick; 
above  the  shale  is  a  sandstone  cap  rock.  Floor,  clay  6  to  10  feet  thick ;  below  the  day 
is  a  sandstone.  The  bed  was  measured  and  sampled  at  two  paints  in  the  mine  by 
R.  Y.  Williams  on  September  21, 1910,  as  described  below: 

Sections  of  coal  bed  in  Vandalia  No.  10  mine. 


GcCuODa.. ..................... 

Lsbantory  No 

RooffBhale. 

Raah. 

Coal,  hard  and  bright 

Bone  and  abate. 

Natural  cbarooal 

Coal,  bard  and  bright 

"Soiphiir  "  and  bone 

Natural  charcoal 

Coal,  hard  and  bright 

Bottom  coal 

Shaleparting 

Coal,  hard  and  bright 

Floor,  clay. 

TnJcknesBofbed 

TbiotaMSB  of  coal  iampled. 


A 

B 

10960 

10961 

Ft.  Ilk 

Ft.  Ilk 

•  •         ■  • 

aO       4 

1    5 

2     8 

•  ■         ■  • 

aO     2 

'8  4 

mm           »  « 

0     8 

•  •       •  • 

aO       i 

?  1 

mm            *  ■ 

1  *H 

•  •       •  • 

0     2 

aO    3 

•  •        •  • 

9    8 

•  •         ■  « 

5    2} 

S  1 

47664''— Bull.  85— 14r 


«  Not  iDOhidcd  in  nmpio. 
-14 
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Section  A  (sample  10960)  waa  measai^  at  the  face  of  room  2,  off  east  entry  6  off 
north  entry  2,  off  the  main  east  entry. 

Section  B  (sample  10961)  was  measured  at  the  face  of  room  12,  off  east  entry  6  off 
north  entry  2,  off  the  main  east  entry. 

Note. — At  the  time  of  sampling  the  output  was  1,600  tons  a  day. 

WABBICK  OOUNTY. 

Elberfeld.    Elbebfeld  Mine. 

Sample. — Bituminous  coal;  bituminous  coal  field;  analysis  No.  16678  (p.  37). 

Mine. — ^Elberfeld,  a  shaft  mine  1  mile  south  of  Elberfeld  station  on  the  E.  &  I.  siding. 

Coal  bed. — No.  5  of  the  Indiana  Geological  Survey.  Carboniferous  age,  Allegjieny 
formation:  Average  thickness,  4  feet  6  inches;  dip  southwest,  in  places  as  much  as 
5^.  The  coal  has  a  cleat,  but  no  faults  or  horsebacks.  There  are  no  persistent  part- 
ihgB,  but  kidney  ''sulphur"  and  ''sulphur"  flakes  occur  at  intervals.  The  roof  is  a 
hard  black  shale  which  does  not  come  down  in  mining,  overlain  by  a  softer  shale. 
The  floor  is  a  hard  fire  clay  which  mixed  slightly  with  the  coal  in  loading.  Cover  at 
point  of  sampling,  185  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  J.  Rutledge  and 
H.  D.  Mason,  jr.,  on  February  6, 1913,  as  described  below: 

Section  of  coal  bed  in  Elberfeld  mine. 


Section 

LaboratorrNo 

Roof,  hard  black  shale. 

Coal 

"8teel"l»nd 

Coal 

"Steel"  band 

Coal 

Floor,  hard  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled , 


A 

16578 
J^.  in. 
1    0 

0     4 
0    8 

1  I 


Section  A  (sampleT6578)  was  measured  in  the  new  manway  off  the  main  west  entry, 
200  feet  north  of  the  shaft  bottom. 

Notes. — ^The  mine  is  opened  by  a  shaft  185  feet  deep,  and  the  coal  is  mined  by  the 
room-and-pillar,  double-entry  system.  At  the  time  of  sampling  the  coal  was  undercut 
by  hand  and  shot  down  with  C  and  F  black  blasting  powder.  Seventy-five  per  cent 
of  the  coal  was  shipped  as  run-of-mine.  The  coal  was  hoisted  on  a  self-dumping  cage  to 
a  wooden  tipple.  The  tipple  had  shaking  screens  40  feet  long  by  5  feet  wide  with 
2f-inch  holes.  Pickers  were  employed  on  the  cars  while  loading.  There  were  three 
loading  tracks,  with  a  capacity  of  25  empty  and  25  loaded  cars.  The  average  daily 
output  was  250  tons,  the  capacity  300  tons.  About  50  acres  remained  to  be  mined 
from  the  present  opening. 

OBrAWFOBD  COtimDY. 

Franklin.    Western  No.  16  Mink. 

Sample. — Bituminous  coal;  Kansas  field;  analysis  No.  17032  (p.  37). 

Jtfin^.— Western  No.  16;  one-fourth  of  a  mile  west  of  Franklin,  on  the  Missouri 
Pacific  Railway  and  the  Atchison,  Topeka  &  Santa  Fe  Railway. 

Coal  bed. — ^Weir-Pittsburg.  Carboniferous  age,  Cherokee  shale.  Average  thickness, 
2  feet  10  inches;  dip,  northwest.    The  coal  is  very  clean  except  for  thin  Btreaks  of 
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pyrite  near  the  middle  of  the  coal  bed.  Rolls,  clay  veins,  horsebacks,  and  slips  are 
namerons  and  a  source  of  much  added  expense  in  mining.  Roof,  bluish  shale;  floor, 
underclay,  which  at  times  heaves.    Cover  at  point  of  sampling,  about  220  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  C.  S.  Stevenson 
on  April  16«  1913. 

Sample  17082  was  taken  at  a  point  ui  the  mine  2,000  feet  southwest  of  the  shaft, 
and  represents  2  feet  11  inches  of  clean  coal.  There  was  shale  above  the  coal  and  clay 
below  it. 

Nbta. — The  mine  is  opened  by  a  shaft  219  feet  deep.  The  coal  is  mined  by  the 
double-entry,  room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  shot  of! 
the  solid  and  gave  trouble  in  sticking  to  the  roof.  In  the  haulageways  the  top  was 
brushed  to  a  height  of  2  feet,  but  in  the  air  course  the  top  was  not  brushed.  The  coal 
was  principally  marketed  for  railroad  purposes.    Tlie  output  was  about  700  tons  a  day. 

Fuller.    Sheridan  No.  2  Mine. 

Sample. — ^Bituminous  coal;  Kansas  field;  analyses  Nos.  11181,  11182,  11183,  and 
11184  (p.  38). 

Mine. — Sheridan  No.  2,  a  shaft  mine  in  sec.  12,  T.  29  N.,  R.  26  E.,  in  the  southwest 
comer  of  the  town  of  Fuller,  on  the  Kansas  City  Southern  Railway. 

Coal  bed, — ^Wier-Pittsbuig.  Carboniferous  age,  Cherokee  shale.  Average  thickness, 
3  feet;  bed  horizontal.    Roof,  dark  gray  shale  10  to  12  feet  thick;  floor,  hard  shale. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  November  12,  1910,  as  described  below: 

Sections  of  coal  bed  in  Sheridan  No.  2  fnin«. 


Laboratory  No 

Roof,  shale. 

Coal 

"8iilphi]r"band 

Coal 

"8iiliil»ir"band 

Coal 

Floor,  shato. 

ThickncaB  of  bed j, 

ThlcknflB  of  ooal  sampled 


A 

B 

11181 

11182 

Ft.  In. 

Ft.  «n. 

1     0 

1     0 

aO       } 

•0       h 

1      4 

1      4 

aO       \ 

oO       \ 

0      7 

0     7 

3      0 

8     0 

2    11 

2    U 

c 

11183 
Ft.  in. 

1     0 
«0       i 

1 
oO 

0 


i 


3     0 
2    11 


a  Excluded  from  sample. 

Sectk>n  A  (sample  11181)  was  measured  at  the  face,  2,500  feet  southwest  of  the  shaft. 

Section  B  (sample  11182)  was  measured  at  the  foce,  2,500  feet  northeast  of  the  shaft. 

Section  C  (sample  11183)  was  measured  at  the  face,  2,500  feet  northwest  of  the  shaft. 

A  composite  sample  was  made  by  combining  face  samples  11181, 11182,  and  11183. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
11184. 

Notes. — At  the  time  of  sampling  the  output  was  375  to  400  tons  a  day. 

Yalb.   ^bstern  No.  13  Mine. 

Sample. — ^Bituminous  coal;  Kansas  field;  analyses  Nos.  11209,  11210,  11211,  and 
11212  (p.  38). 

Jfin«.— Western  No.  13,  a  shaft  mine  in  sec.  26,  T.  30  N.,  R.  25  E.,  three-fourths  of  a 
mile  northwest  of  Yale,  on  the  Missouri  Pacific  Railroad. 

Coo/ 5ei.— Wier-PittBbuig(7).  Carboniferous  age,  Cherokee  shale.  Average  thick- 
ness, 3  feet;  practically  horizontal.  Roof,  dark  gray  shale  30  feet  thick;  floor,  soft 
riiale.    Cover  at  points  of  sampling,  87  feet. 
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The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D. 
on  November  14, 1910,  as  described  below: 

SecUom  of  coal  bed  in  Western  No,  IS  mine. 


Ssctlon 

T4tbaratory  No 

Roof.aliBle. 

Coal 

"Sulphur"  band 

Coal 

Floor,  shale. 

Thiokneas  of  bed 

Thickness  of  coal  sampled , 


A 

B 

11209 

imo 

J^  in. 

FL*m, 

1     8 

1     8 

•S  4 

•?  4 

9     0 

3     0 

2    Hi 

2    111 

c 

11211 
Ft.  im. 

1      8 
•  0 
1 


4 


S      0 
2    Hi 


a  Kot  included  in  sample. 

Section  A  (sample  11209)  was  measured  at  the  face,  2,000  feet  north  of  the  shaft. 

Section  B  (sample  11210)  was  measured  at  the  face,  2,800  feet  southeast  of  the  shaft. 

Section  C  (sample  11211)  was  measured  at  the  face,  2,800  feet  southwest  of  the  shaft. 

A  composite  sample  was  made  by  combining  face  samples  11209, 11210,  and  11211. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
11212. 

Notes. — ^The  mine  is  opened  by  a  shaft  about  90  feet  deep.  At  the  time  of  sampling 
the  output  was  500  tons  a  day. 

LBAVBNWOBTH  COTTIITY. 

Lansing.    PENirENTiABT  Mine. 

Sample.-— BitammouB  coal;  EansM  field;  analyses  Noe.  12841,  12842,  12843,  and 
12844  (pp.  38,  39). 

Mine. — ^Penitentiary;  sec.  19»  T.9S.,  R.  23E.;  Leavenworth  district;  on  Missouri 
Pacific,  Atchison,  Topeka  A  Santa  Fe,  and  Union  Pacific  railroads. 

Coal  bed. — Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale.  Roof, 
chiefly  firm,  dark  drab  shale;  fioor,  thin  underclay  on  limestone.  Thickness,  rogolar, 
average  22  inches.    Cover  at  points  of  sampling,  720  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  M.  Albertsoo 
on  September  15,  1911. 

Sample  12841  was  taken  1,100  feet  south  and  1,400  feet  east  of  the  shaft  in  22  inches 
of  coal. 

Sample  12842  was  taken  4,400  feet  east  and  500  feet  north  of  the  shaft  in  22  inches 
of  coal. 

Sample  12843  was  taken  2,300  feet  east  and  2,000  feet  north  of  the  shaft  in  22  inches 
of  coal. 

A  composite  sample  was  made  by  mixing  face  samples  12841,  12842,  and  12843. 

The  results  of  the  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 

12844. 

Lbavbnwobth.    No.  1  Minb. 

Sample.— BitxuxanouB  coal;  Kansas  field;  analyses  Noe.  12849,  12860,  12851,  and 
12852  (p.  39). 

Mins. — No.  1;  Leavenworth  district,  at  Leavenworth;  sec.  36,  T.  8  S.,  R.  22  £.; 
on  the  Missouri  Pacific  Railway. 

Coal  bed. — Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Roof,  chiefiy  firm,  dark  drab  shale;  floor,  thin  underclay  on  limestone.  Thickness, 
r^Vl&f  >  average  22  inches.    Cover  at  points  of  sampling,  720  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  M.  Albertson  on 
September  16, 1911. 

Sample  12849  was  taken  3,200  feet  north  and  560  feet  west  of  the  shaft  in  21  inches 
of  coal. 
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Sample  12850  was  taken  160  feet  west  and  3,100  feet  aouth  of  the  shaft  in  21  incheB 
of  coal. 

Sample  12861  was  taken  110  feet  eaet  and  8,310  feet  north  of  the  ehaft  in  22  inches 
of  coal. 

A  composite  sample  was  made  by  mixing  face  samples  12840,  12860,  and  12861. 

The  zesultB  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 

12862. 

Lbavenworth.    No.  3  Mine. 

iS'ompItf.^Bitaminoiis  coal;  Kansas  field;  analyses  Nos.  12846,  12846,  12847,  and 
12848  (p.  39). 

Mine. — No.  3;  Leavenworth  district,  at  Leavenworth;  sec.  25,  T.  8  S.,  R.  22  E.;  on 
Missouri  Pacific  Railway. 

Coal  bed, — Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Roof,  chiefly  firm,  dark  drab  shale;  floor,  thin  underclay  on  limestone.  Thickness, 
regular,  average  22  inches.  Cover,  720  feet.  The  bed  was  measured  and  sampled 
at  two  points  in  the  mine  by  M.  Albertson  on  September  18,  1911. 

Sample  12846  was  taken  3,400  feet  southeast  of  the  shaft  in  22  inches  of  coal. 

Sample  12846  was  taken  3,800  feet  southeast  of  the  shaft  in  22  inches  of  coal. 

Sample  12847  was  taken  3,360  feet  southeast  of  the  shaft  in  22  inches  of  coal. 

A  composite  sample  was  made  by  mixing  face  samples  12845,  12846,  and  12847. 

The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 

12848. 

KENTUCKY. 

LBTCHBB  COT7NTY. 

Flat  Gap,  Va.    Local  Mine. 

Sample, — ^Bituminous  coal;  eastern  Kentucky  field;  analysis  No.  16172  (p.  39). 

Mine, — A  local  drift  mine,  H  miles  south  of  Flat  Gap,  Va.,  10  miles  from  the  nearesH 
railroad. 

Coal  bed. — Lower  Standiford.  Carboniferous  age,  Wise  formation.  Thickness  uni- 
fwm,  nearly  flat.    Roof,  shale;  floor,  clay.    Cover  at  points  of  sampling,  25  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  Charles  Butts  on 
November  1, 1912. 

Sample  15172  was  taken  in  the  entry  about  15  feet  from  the  mine  mouth,  in  3  feet 
2  inches  of  coal,  all  of  which  was  included  in  the  sample.  The  roof  at  this  point  was 
shale  and  the  floor  was  clay. 

Notes. — Bright,  firm  coal,  sold  for  domestic  use. 

Flat  Gap,  Va.    J.  H.  Mullin  Mine. 

Sample. — ^Bituminous  coal;  eastern  Kentucky  field;  analysis  No.  16173  (p.  39). 

Mine. — J.  H.  Mullin,  a  local  mine  3jt  miles  southwest  of  Flat  Gap,  Va.,  and  10  miles 
from  the  nearest  railroad. 

Coal  bed. — Lower  Boiling.  Carboniferous  age.  Wise  formation.  The  bed  was  meas- 
ured and  sampled  at  one  point  in  the  mine  by  Charles  Butts  on  November  1, 1912,  as 
described  below: 

Section  of  coal  bed  in  J.  H.  Mullin  mine. 


LsboratoiyNo. 


Coal 

Clay 

Coal 

Clay 

Coal 

Thickness  of  bed 

Thickness  of  ooal  sampled . 


15173 

Ft.    in. 

2   3 

aO    3 

1    6 

aO    4 

0    4 

4    7 

4    1 


•  Not  Inclnded  in  sample. 
The  above  section  was  measured  in  the  main  entry,  40  feet  from  the  mine  mouth. 
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Jbkkinb.    Consolidation  No.  204  Mink. 

Sample. — Bituminous  coal;  eastern  Kentucky  field;  analyses  Nos.  14904  and  14905 
(p.  39). 

Mine. — Consolidation  No.  204,  a  drift  mine  at  Jenkins,  on  the  Baltimore  A  Ohio 
Railroad. 

Coed  bed, — ^Upper  Elkhom.  Carboniferous  age,  Pottsville  group.  Thickness, 
uniform,  flat.    Roof,  shale;  floor,  clay. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  Charles  Butts  on 
October  12,  1912,  as  described  below: 

Sections  of  coal  bed  in  Consolidation  No.  204  mine. 


Section. 

Laboratory  No. 
Roof,  shale. 

Coal 

Clai 


uay. 
Coal. 


Floor,  day. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


A 

140M     1 

Ft. 

<n. 

3 

7 

•  0 

3 

3 

^ 

7 
7 

n 

B 
14906 
FLiu. 

4      0 
«0      5 

4      0 

8      6 
8     0 


a  Not  indaded  In  sample. 

Section  A  (sample  14904)  was  measured  at  the  face  of  the  main  heading,  1,700  feet 
from  the  mine  mouth. 

Section  B  (sample  14905)  was  measured  at  the  face  of  the  east  heading,  1,700  feet 
from  mine  mouth. 

Notes. — ^The  clay  parting  near  the  middle  of  the  bed  is  soft  and  hriable  and  is  utilised 
as  a  mining  bench.  Most  of  the  bed  is  coal  of  medium  hardness  and  brightneas, 
but  the  lower  18  inches  includes  a  considerable  proportion  of  tough  hard  splint  coal. 
A  large  part  of  the  output  was  being  shipped  to  Michigan,  where  it  was  utilized  in 
by-product  ovens. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  348,  p.  37. 

Jenkins.    Local  Mine. 

Sample. — Bituminous  coal;  eastern  Kentucky  field;  analyses  Nos.  14970  and  14071 

(p.  40). 

Mine. — ^A  local  drift  mine,  5  miles  northeast  of  Jenkins,  near  the  Baltimore  A  Ohio 
Railroad. 

Coal  bed. — ^Lower  Elkhom;  Carboniferous  age,  Pottsville  group.  Thickness  uniform, 
flat.    Roof,  sandstone;  floor,  clay. 

The  bed  was  measured  and  sampled  by  Charles  Butts,  October  16, 1912,  as  described 
below: 

Section  of  coal  bed  in  mine  5  miles  north  of  Jenkins. 


Laboratory  No 

Roof,  sandstone. 

Coal..... 

Coal,  laminated.. 

Coal 

Floor,  clay. 

Thickness  of  bed. 


{ 


14970 
14971 
Ft,    Hi. 
aO    S 
bl    0 
al    4 


a  Indaded  in  sample  14970. 


f>  Included  in  sample  14971. 


The  section  was  measured  at  the  face  of  the  entry,  60  feet  from  the  mouth  of  the 
mine. 


KENTUCKY:  MTTHLBNBEBG  COUNTY.  206 

JVbtet.— The  laminated  bench  of  soft  coal  is  1  foot  thick  and  is  high  in  impurities. 
The  output  is  used  for  local,  domestic,  and  steam  purposes. 

inTKLBNBBBO  0OT7NTY. 

Central  Crrr.    Central  Mine. 

Sample. — ^Bituminous  coal;  western  Kentucky  field;  analyses  Nos.  13257,  13258, 
13259,  and  13260  (p.  40). 

Mne. — Central,  a  shaft  mine  one-eighth  of  a  mile  south  of  the  depot  at  Central  City, 
on  the  Owensbuig-Russelyille  branch  of  the  Louisville  &  Nashville  Railroad  and  on 
the  Louisville  branch  of  the  lUraois  Central  Railroad. 

Coal  bed. — ^No.  9  of  the  Kentucky  Qeological  Survey.  Carboniferous  age,  Pottsville 
group.  Thickness,  4  feet  9  inches  to  6  feet.  The  bed  dips  north  about  15  feet  per 
mile.  The  coal  contains  thin  streaks  of  *' sulphur"  and  some  '* sulphur"  balls.  The 
roof  is  a  black  shale  2  to  4  feet  thick  and  is  of  good  quality.  The  floor  is  a  clay 
which  weathers  when  exposed  to  air.  Upon  exposure  for  a  year  it  weathers  to  an 
average  depth  of  6  inches  and  this  feature  is  utilized  by  driving  the  narrow  work 
about  one  year  in  advance  of  turning  the  rooms.  Cover  at  points  of  sampling,  about 
170  feet. 

The  bed  was  measured  and  sampled  at  three  points  m  the  mine  by  C.  S.  Stevenson 
on  January  22  and  23, 1912. 

Sample  13257  was  taken  at  the  foce  of  the  mala  south  entry,  and  represents  5  feet 
6  inches  of  clear  coal. 

Sample  13258  was  taken  in  room  20,  off  the  main  south  blind  entry,  and  represents 
5  feet  6  inches  of  clear  coal. 

Sample  13259  was  taken  in  room  3,  off  sixth  south  entry,  off  the  main  west  entry, 
and  represents  5  feet  6  inches  of  clear  coal. 

A  composite  sample  was  made  by  mixing  f&ce  samples  13257,  13258,  and  13259. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  13260. 

Notes, — ^The  mine  ii  opened  by  a  shaft  170  feet  deep  and  is  worked  on  the  room-and. 
pillar  system.  At  the  time  of  sampling,  all  the  coal  was  undercut  with  picks  to  one- 
half  the  depth  of  the  drill  hole  and  broken  down  with  F  and  FF  black  blasting  powder. 
Most  of  the  output  was  used  for  domestic  purposes,  a  small  amount  being  sold  for 
transportation  purposes. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  106,  542. 

For  results  of  tests  of  (x>al  from  this  mine  see  mention  of  specific  tests  as  follows — 
Steaming  tests:'  Bull.  13,  Bureau  of  Mines,  pp.  137,  274;  cokiag  tests:  U.  S.  Geol. 
Survey  Bull.  336,  1908,  pp.  23,  30,  39i  cupola  tests  of  coke:  U.  S.  Geol.  Survey  BuU. 
336,  pp.  50,  53,  56,  59,  62. 

Clbaton.    Bbvier  Mine. 

Sample. — ^Bituminous  coal,  western  Kentucky  field;  analyses  Nos.  15339,  15340, 
and  15341  (p.  40). 

Mine. — ^Bevier,  a  shaft  mine  at  Cleaton,  opposite  the  railroad  station,  on  the  Louis- 
ville A  Nashville  Railroad. 

Coal  6«?.— No.  9  of  the  Kentucky  Geological  Survey.  Carboniferous  age,  Pottsville 
group.  Average  thickness,  5  feet  4  inches.  Dip,  1^  southwest.  The  coal  bed  has 
no  persistent  partmgs,  but  contains  discontinuous  '^sulphiu*"  flakes  and  bands.  The 
roof  is  a  firm,  hard,  black  shale  about  6  inches  thick;  above  the  shale  is  a  main  cap 
rock.  The  floor  is  a  hard,  smooth  fire  clay,  which  crumbles  on  exposure  to  the  air. 
The  material  from  the  roof  and  floor  did  not  mix  with  the  coal  in  mining.  Cover  at 
points  of  sampling,  about  130  feet. 
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The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  H.  D.  Mason,  jr., 
on  December  28,  1912. 

Sample  15339  was  taken  at  the  face  of  room  15,  off  the  eighth  north  air  coune,  4,100 
feet  from  the  shaft.    The  sample  represents  6  feet  3  inches  of  coal. 

Sample  15340  was  taken  at  the  face  of  room  21,  off  seventh  north  entry,  3,800  feet  from 
the  shaft.    The  sample  represents  5  feet  6  inches  of  coal. 

Sample  15341  was  taken  at  the  face  of  eighth  south  entry,  4,500  feet  from  the  shaft. 
The  sample  represents  5  feet  3  inches  of  coal. 

At  all  three  places  some  thin  "sulphur''  bands  and  flakes  were  present  and  are 
included  in  the  samples. 

Noiu. — ^The  mine  is  opened  by  a  shaft  69  feet  deep  and  the  coal  is  mined  by  the 
room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  by  com- 
pressed-air madiines  and  broken  down  with  FF  black  blasting  powder.  Machine 
cuttings  were  loaded  with  the  coal.  The  tipple  had  a  perforated  screen  12  feet  long 
and  5  feet  wide,  with  1  to  4  inch  openings.  About  38  per  cent  of  the  coal  going  to  the 
screen  passed  through  the  1-inch  holes.  Thirty  per  cent  of  the  ooal  was  shipped  as 
run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  The  limips  loaded  were 
large  and  of  good  appearance.  There  were  three  loading  tracks,  with  a  capacity  of  22 
empty  and  22  loaded  cars.  The  output  was  about  750  tons  a  day,  all  from  advance 
work,  but  the  intent  was  to  increaae  it  to  1,000  tons.  There  was  approximately  900 
acres  of  unmined  coal  tributary  to  this  tipple. 

Qbahah.    Skso  Mine. 

Sample. — Bituminous  ooal;  western  Kentucky  field;  aaalysee  Nos.  16674  and  16675 

(p.  41). 

Mine, — Skibo,  a  slope  mine,  2  miles  north  of  Graham,  on  a  spur  of  the  lUinoia 
Central  Railroad. 

Coal  bed, — ^No.  9  of  the  Kentucky  Geological  Survey.  Carboniferous  age,  Pottsville 
group.  Average  thickness,  4  feet  10  inches;  dip,  1  per  cent  southwest.  Only  one 
fault  has  been  encountered;  it  extends  miles.  There  are  no  persistent  partings  in 
the  coal,  although  "sulj^ur''  occurs  in  flakes  and  bands.  The  roof  is  a  gray  ^ale,  18 
inches  thick,  which  comes  down  with  the  coal  in  places;  above  the  shale  is  a  cap  rock. 
The  floor  is  a  hard  smooth  fire  clay.  Particles  from  the  roof  and  floor  did  not  mix 
with  the  coal  in  mining.    Cover  at  points  of  sampling,  about  150  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  H.  D.  Mason,  jr., 
on  May  5,  1913. 

Sample  16674  was  cut  from  the  fkce  of  west  entry  2,  off  north  entry  1, 4,000  feet  north 
of  the  mine  mouth.  The  bed  at  this  point  was  4  feet  10  inches  thick.  The  sample 
represents  the  entire  section. 

Sample  16675  was  cut  from  the  face  of  room  2,  off  seventh  east  entry,  3,600  feet  north  of 
the  mine  mouth.  The  bed  at  this  point  was  4  feet  9  inches  thick.  The  sample 
repreeents  the  entire  thickness  of  the  bed. 

NoU». — ^The  coal  is  mined  by  the  room-and-pillar  double-entry  system.  At  the 
time  of  sampling  the  coal  was  undercut  with  chain  machines  and  broken  down  with 
FF  black  blasting  powder.  The  cutting?  were  loaded  out  with  the  coal.  About 
40  per  cent  of  the  coal  was  shipped  as  run-of-mine.  The  tipple  had  shaking  screens 
25  feet  long  and  6  feet  wide,  with  holes  1  to  2}  inches  in  diameter.  About  22  per  cent 
of  the  coal  going  to  the  screens  passed  through  the  screens.  Pickers  were  employed  on 
the  cars  in  loading.  The  lumps  were  large  and  of  good  appearance.  There  were  three 
loading  tracks,  with  a  capacity  of  50  empty  and  50  loaded  cars.  The  daily  output  waa 
922  tons,  with  a  capacity  of  1,000  tons,  llie  greater  part  of  the  coal  was  from  advance 
workings,  although  some  of  it  was  from  pillars.  There  were  approximately  2,000  actes 
of  unmined  coal  tributary  to  this  opening. 
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OHIO  C0T7NTY. 
McHbnrt.    McHknrt  Mivns. 

8ample,^-BitaaxA'Do\m  coal;  western  Kentucky  field;  analyMS  Nofl.  16102  and  15103 

(p.  41). 

Mine, — ^McHeiiry,  a  slope  mine  near  McHemy,  on  the  Illinois  Central  Railroad. 

Coal  6«f.— No.  9  of  the  Kentucky  Geological  Survey.  Carboniferous  age,  Pottsville 
group.  Thickness,  fairly  uniform,  average  4  feet  6  inches.  Hoof,  dark  shale,  overlain 
by  a  blue  sandstone.  Floor,  hard  smooth  underclay.  Particles  of  the  floor  got  mixed 
with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  H.  D.  Mason,  jr., 
on  November  13,  1912. 

Sample  15102  was  taken  at  the  face  of  room  4,  o£E  south  entry  3;  9,000  feet  from  the 
mine  mouth.  The  sample  includes  the  entire  section,  4  feet  6  inches,  except  a 
"sulphur"  band  26  inches  above  the  bottom. 

Sample  15103  was  taken  at  the  face  of  room  1,  o£E  north  entry  1;  8,500  feet  from  the 
mine  mouth.  The  sampie  includes  the  entire  section,  4  feet  6  inches,  except  a 
''sulphur"  band  26  inches  above  the  bottom. 

Notes. — ^The  mine  was  not  being  operated  at  tl^e  time  these  samples  were  taken. 
In  mining,  the  coal  was  imdercut  by  hand  in  the  coal  and  broken  down  with  FF  black 
blasting  x>owder.  About  50  per  cent  of  the  coal  was  shipped  ae  run-of>min6.  Pickers 
were  employed  on  the  cars.  The  lumps  were  laig9  and  made  a  good  appearance  on 
the  cars,  llie  track  had  a  capacity  of  40  loaded  cars  and  30  empty  cam.  The  average 
daily  production  had  been  700  tons.  There  was  approximately  1,000  acres  of 
unmined  coal  tributary  to  this  opening. 

PIKB  COUNTY. 

Hellier.    Edge  water  Mine. 

Sample. — Bituminous  coal;  Russell  Fork  field;  analysis  No.  12004  (p.  41). 

Mine. — Edgewater,  1  mile  southeast  of  Hellier  post  office. 

Coal  bed. — ^UpperElkhom;  Carboniferous  age;  Kanawha  (7)  formation.  Thickness, 
3  feet  6  inches.  A  sample  of  run-of-mine  coal  from  this  mine  was  taken  on  March 
28, 1911,  by  C.  H.  Wegemann,  from  three  loaded  railroad  cars,  the  coal  having  been 
mined  the  previous  day. 

MissonRi.^ 

ADAnt  COUNTY. 

Kirks viLLB.    Star  Mine. 

Sample. — ^Bituminous  coal;  Novinger  field;  analyses  Nos.  14799  and  14800  (p.  41). 

Mine. — Star,  a  shaft  mine  in  the  Kirksville  district,  in  sec.  8,  T.  63  N.,  R.  15  W., 
one-half  mile  west  of  Kirksville. 

Coal  bed. — ^Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  14  to  36  inches.  Cover,  290  feet.  The  bed  was  measured  and  sampled  at 
two  points  in  the  mine  by  M.  Albertson  on  September  28, 1912. 

Sajnple  14799  was  taken  30  feet  south  of  the  shaft  and  represented  17}  inches  of  coal. 

Sample  14880  was  taken  12  feet  northeast  of  the  shaft  and  represented  20  inches  of 
coal. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913^  pp.  114,  562. 

a  The  ooal  fidds  of  lOasoiirl  an  described  In  detail  in  The  Coal  Deposits  of  Missouri,  by  Henry  Hinds, 
Minonri  Bareao  of  Geology  and  ICines,  vol.  1 1 ,  aer.  3, 1918. 
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AXJBBAIN  OOTJNTY. 
Mabtinsburo.    No.  1  Mine. 

iSampZe.— Bituminous  coal;  Vandalia  field;  analyses  Nos.  11483,  11484,  11485,  and 
11478  (p.  41), 

Mn«.--No.  1,  a  shaft  mine  in  sec.  14,  T.  50  N.,  R.  7  W.,  one-fcTurth  mile  west  of 
Martinsbuig,  with  connections  to  the  Wabash  Railroad  and  the  Chicago  &  Alton  Rail- 
road. 

Coal  bed, — ^Mulky.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Average  thickness,  2  feet  6  inches ;  bed  practically  horizontal.  Roof,  calcareous  shale. 
Floor,  fire  clay,  10  inches  thick,  underlain  by  limestone.  Cover  at  points  of  sampling, 
135  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  T^iHi^^T*  on 
December  19,  1910. 

Sample  11483  was  taken  at  the  long-wall  face,  600  feet  south  of  the  shaft. 

Sample  11484  was  taken  at  the  long-wall  face,  600  feet.southwest  of  the  shaft. 

Sample  11485  was  taken  at  the  face,  800  feet  southwest  of  the  shaft. 

At  each  of  the  points  sampled  the  coal  bed  was  2^  feet  thick,  overlain  by  8  inches  of 
* ' draw  slate, ' '  above  which  was  the  shale  roof.    The  floor  was  clay. 

A  composite  sample  was  made  by  combining  face  samples  11483, 11484,  and  11485. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11478. 

NotM, — ^The  shaft  is  135  feet  deep ;  the  long-wall  system  of  mining  is  employed .  At 
the  time  of  sampling  the  output  was  40  tons  a  day. 

BARTON  0OX7NTY. 

MlNDBNlilNES.      No.  17  MiNE. 

Sample. — ^Bituminous  coal;  Minden  field;  analyses  Nos.  11185,  11186,  11187,  and 
11188  (p.  42). 

Mine. — No.  17,  a  shaft  mine  in  sec.  30  T.  32  N.,  R.  33  W.,  2  miles  northwest  of  Min- 
denmines  post  office,  on  the  Missouri  Pacific  Railway. 

Coal  bed. — ^Wier-Pittsburg  Lower.  Carboniferous  age,  Pennsylvanian  series,  Chero- 
kee ehale.  Thickness,  2  feet  10  inches  to  3  feet;  bed,  horizontal.  Roof,  shale  20  feet 
thick,  overlain  by  sandstone  2^  feet  thick;  floor,  soft  shale.    Cover,  60  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  'K'tnian  on 
November  11, 1910. 

Sample  11185  was  taken  at  the  face,  1,000  feet  northeast  of  the  abaft,  where  there 
was  2  feet  10  inches  of  clean  coal. 

Sample  11186  was  taken  at  the  face,  1,000  feet  southeast  of  the  shaft,  where  the*« 
was  2  feet  10  inches  of  clean  coal. 

Sample  11187  was  taken  at  the  face,  1,500  feet  northwest  of  the  shaft,  where  ^leie 
was  2  feet  10  inches  of  clean  coal. 

There  was  shale  above  and  below  the  coal  at  each  of  the  points  sampled.  The  sam- 
ples represent  the  entire  thickness  of  the  bed. 

A  composite  sample  was  made  from  &ce  samples  11185,  11186,  and  11187.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11188. 

Notes. — ^The  shaft  is  64  feet  deep.  The  coal  is  mined  by  the  room-and-pillar  system. 
At  the  time  of  sampling  the  coal  was  shot  off  the  solid.  The  mine  was  comparatively 
new  and  was  equipped  to  produce  400  tons  a  day. 

MlNDBNMINBS.      PULLEN  No.  1  MiNB. 

Sample. — Bituminous  coal;  Minden  field;  analyses  Nos.  11177,  11178,  11179,  and 
11180  (p.  42). 

iftTM.— Pullen  No.  1,  a  shaft  mine  in  sec.  28,  T.  32  N,  R.  3S  W.,  1  mile  northeast 
of  Mindenmines  post  office,  on  a  branch  of  the  Missouri  Pacific  Railway. 
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Coal  bed. — ^Wier-Rttsburg  Lower.  CarboniferouB  age,  Pennflylvanian  seriee,  Chero- 
kee ahale.  Thickness,  2  feet  6  inches.  Bed  practically  horizontal.  Roof,  shale  6  to 
10  feet  thick;  floor,  soft  clay.    Cover  at  points  of  sampling,  about  40  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  Pullen  No.  1  mine  by  R.  D. 
Killian  on  November  10,  1910. 

Sample  11177  was  taken  at  the  south  face,  600  feet  from  the  shaft,  and  represents  2 
feet  6  inches  of  coal.  There  was  a  ** sulphur ''  band  onendxteenth  inch  thick  near  the 
middle  of  the  bed. 

Sample  11178  was  taken  at  the  west  &ce,  400  feet  from  the  shaft,  and  represents  2 
feet  7  inches  of  coal.  There  was  a  soft-coal  ('' mother  coal'')  parting  about  one- 
sixteenth  inch  thick  near  the  middle  of  the  bed. 

Sample  11179  was  taken  at  the  northeast  face,  600  feet  from  the  shaft,  and  represents 
2  feet  6  inches  of  coal.  There  was  a  '' sulphur''  band  onendxteenth  inch  thick  near 
the  middle  of  the  bed. 

A  composite  sample  was  made  by  combining  isuce  samples  11177,  11178,  and  11179. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11180. 

Notes. — ^The  shaft  is  40  feet  deep .  The  coal  is  mined  by  the  room-and-piUar  system. 
At  the  time  of  sampling  the  coal  was  blasted  off  the  solid.  The  output  was  60  tons  a 
day. 

BATES  COT7NTY. 

Amsterdam.    No.  1  Mms. 

5ampi«.— Bituminous  coal;  Foster  field;  analyses  Nos.  11306,  11307,  11308,  and 
11309  (pp.  42,  43). 

Mme.—^o.  1,  in  sec.  20,  T.  41  N.,  R.  33  W.,  in  the  southern  part  of  the  village  of 
Amsterdam,  on  the  Kansas  City  Southern  Railway. 

CotU  bed. — ^Mulberry.  Carboniferous  age,  Pennsylvanian  series,  Pleasonton  shale. 
Thickness  variable,  average  about  2  feet;  bed  horizontal.  Roof,  calcareous  shale, 
overlain  by  limestone;  floor,  hard  clay,  underlain  by  limestone.    Cover,  90  to  100  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
December  3, 1910. 

Sample  11306  was  taken  at  the  face,  400  feet  east  of  the  shaft. 

Sample  11307  was  taken  at  the  face,  400  feet  south  of  the  shaft. 

Sample  11308  was  taken  400  feet  southeast  of  the  shaft. 

The  lower  1  foot  of  coal  in  each  section  contained  bands  of  sulphur  and  bone. 

Each  sample  represents  2  feet  6  inches  of  coal,  the  thickness  of  the  bed. 

A  comxx)site  sample  was  made  by  combining  face  samples  11306,  11307,  and  11308. 
The  results  of  an  ultimate  analysis  of  the  sample  are  given  under  laboratory  No.  11309. 

jVbtM.— The  shaft  is  100  feet  deep.  The  mine  is  worked  by  the  room-and-pillar 
system.    At  the  time  of  sampling  the  output  was  about  25  tons  a  day. 

Hume.    No.  1  Mine. 

iSompfe.— Bituminous  coal;  Foster  field;  analyses  Nos.  11226,  11227,  11228,  and 
11229  (p.  43). 

ifcTw;.— No.  1,  in  sec.  4,  T.  38  N.,  R.  33  W.,  Howard  Township,  4  miles  east  of  Hume 
and  10  miles  west  of  Rich  Hill,  on  a  branch  of  the  St.  Louis  &  San  Francisco  Raihoad. 

Coal  bed. — ^Mulberry.  Carboniferous  age,  Pennsylvanian  series,  Pleaaonton  shale. 
Thickness,  2  feet  6  inches  to  3  feet.  The  bed  lies  horizontal.  Roof,  "draw  slate" 
6  inches  thick,  overlain  by  shale  15  feet  thick;  floor,  soft  clay.    Cover,  about  50  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
November  21,  1910. 
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Sample  11226  was  taken  at  the  lace,  900  feet  northwest  of  the  ehaft. 

Sample  11227  was  taken  at  the  face,  1,100  feet  west  of  the  shaft. 

Sample  11228  was  taken  at  the  face,  700  feet  southwest  of  the  shaft. 

At  each  of  the  points  sampled  the  coal  bed  was  2^  feet  thick. 

A  composite  sample  was  made  by  combining  face  samples  11226,  11227,  and  11228. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11229. 

Notes.— The  shaft  is  35  feet  deep.  The  coal  is  mined  by  the  room-and-pillar  Bystem. 
At  the  time  of  sampling  the  capacity  was  60  tons  a  day. 

New  Home.    New  Home  No.  1  Mine. 

i9amp2e.— Bituminous  coal;  Rich  Hill  field;  analyses  Nos.  11222,  11223, 11224,  and 
11226  (p.  43). 

Mine.— 1^0, 1,  a  shaft  mine  in  sec.  SO,  T.  39  N.,  R.  32  W.,  at  New  Home.  It  baa 
railroad  &cilities  for  shipment  over  the  St.  Louis  &  San  Francisco,  the  Missouri  Pacific, 
and  the  Kansas  City  Southern  railroads. 

Coal  bed. — Lower  Rich  Hill.  Carboniferous  age,  Pennsylvanian  series,  Cherokee 
shale.  Thickness,  6  feet.  The  bed  is  horizontal  in  general  but  more  or  less  undulating. 
Roof,  limestone,  1  foot  thick,  overlain  by  shale  about  4  feet  thick;  floor,  clay,  6  feet 
thick.    Cover,  260  to  280  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  November  22,  1910. 

Sample  11222  was  taken  at  the  &ce,  200  feet  northeast  of  the  shaft,  and  represents 
6  feet  of  clean  coal. 

Sample  11223  was  measured  at  the  face,  150  feet  southeast  of  the  shaft,  and  represents 
6  feet  of  clean  coal. 

Sample  11224  was  measured  at  the  face,  200  feet  south  of  the  shaft,  and  represents 
5  feet  of  clean  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  included. 

A  composite  sample  was  made  by  combining  face  samples  11222,  11223,  and  11224. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11225. 

Notes. — ^The  shaft  is  278  feet  deep.  The  coal  is  mined  by  the  room-and-pillar 
system.    The  output  at  the  time  of  sampling  was  about  50  tons  a  day. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  116,  567. 

Rich  Hill.    Fleming  Ptt  No.l. 

Samples.— BiiuixdjkOMB  coal;  Rich  HUl  field;  analyses  Nos.  11197,  11108,  11199, 
and  11200  (p.  43). 

Mine.— Fleming  Pit  No.  1,  an  open-pit  mine  in  sec.  36,  T.  39  N.,  R.  32  W.,  2  milcv 
northwest  of  Rich  Hill,  on  a  branch  of  the  Missouri  Pacific  Railway. 

Coal  bed. — Lower  Rich  Hill.  Carboniferous  age,  Pennsylvanian  series,  Cherokee 
shale.  Thickness,  6  feet.  The  bed  lies  nearly  horizontal.  Roof,  shale,  4  feet  thick; 
floor,  hard  clay.    Cover,  13  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  pit  by  R.  D.  KiUian  on 
November  19, 1910. 

Sample  11197  was  taken  at  the  face  on  the  north  side  of  the  pit. 

Sample  11198  was  taken  at  the  face  on  the  east  side  of  the  pit. 

Sample  11199  was  taken  at  the  face  on  the  south  side  of  the  pit. 

At  each  of  the  points  sampled  the  bed  was  5  feet  thick,  and  had  a  2-inch  ''sulphur  " 
band  1  foot  10  inches  from  the  bottom.  Each  sample  represents  4  feet  10  inches  of 
coal,  the  2-inch  band  being  excluded. 
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A  composite  sample  waa  made  by  combining  face  samples  11197,  11198,  and  11199. 
The  results  of  an  ultimate  analsrsis  of  this  sample  are  shown  under  laboratory  No.  11200. 

Notes. — ^At  the  time  of  sampling  Fleming  Fit  No.  1  was  one  of  the  largest  strippings 
near  Rich  Hill.    The  daily  output  was  about  50  tons. 

Rich  Hnx.    RrrcHiE  Prrs  Nos.  1  and  2. 

Sample. — Bitimunous  coal;  Rich  Hill  field;  analyses  Nos.  11193,  11194,  11195,  and 
11196  (p.  44). 

ifin/.— Ritchie  Fits  No.  1  and  No.  2,  in  sec.  17,  T.  38  N.,  R.  31 W.,  2  miles  south  of 
Rich  Hill,  on  a  branch  of  the  Missouri  Facific  Railroad. 

Coal  bed, — Lower  Rich  Hill.  Carboniferous  age,  Pennsylvanian  series,  Cherokee 
shale.  Thickness,  about  5  feet.  The  bed  is  slightly  inclined.  Roof,  black  shale,  4 
feet  thick;  floor,  clay.    Cover,  10  to  16  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  No.  1  pit  and  at  one  point  in 
No.  2  pit  by  R.  D.  KiUian  on  November  18,  1910. 

Sample  11193  was  taken  at  the  &ce  on  the  north  side  of  open  pit  No.  1. 

Sample  11194  was  taken  at  the  fietce  on  the  south  side  of  open  pit  No.  1. 

At  each  of  the  above  points  the  bed  measured  4  feet  11  inches.  There  was  a  ''sul- 
phur" band  1  inch  thick  at  the  bottom  and  a  2-inch  band  of  ''lignite"  about  1  foot  8 
inches  from  the  bottom.    These  parts  were  excluded  from  the  samples. 

A  composite  sample  was  made  by  combining  face  samples  11193  and  11194.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11195. 

Sample  11196  was  cut  from  the  face  of  the  south  side  of  open  pit  No.  2.  The  bed 
measured  2  feet  at  this  point,  all  of  which  is  represented  in  the  sample. 

Noiet, — At  pit  No.  1  a  slope  had  been  opened  and  underground  work  was  being 
carried  on.    The  output  was  30  tons  a  day. 

BOONB  COXTNTY. 

Columbia,    ^o.  1  and  No.  2  Mines. 

Samples, — ^Bituminous  coal;  Bevier  field;  analyses  Nos.  11475,  11476,  and  11477 

(p.  44). 

MineM. — ^No.  1  and  No.  2,  shaft  mines  in  the  Columbia  district,  in  sec.  4,  T.  48  N., 
R.  12  W.,  3jt  miles  northeast  of  Coltunbla,  a  shipping  station  on  the  Wabash  Railroad. 

Coal  bed, — ^Bevier  (7).  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Average  thickness,  3  feet;  slight  dip  to  southeast.  Roof,  blue  calcareous  shale,  3 
feet  thick;  floor,  fire  clay.    Cover,  100  to  110  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  No.  1  mine  and  at  one  point  in 
No.  2  mine  by  R.  D.  Killian  on  December  17,  1910. 

Sample  11475  was  taken  at  the  face,  50  feet  west  of  the  shaft,  mine  No.  2. 

Sample  11476  was  taken  at  the  face,  110  feet  north  of  the  shaft,  mine  No.  1. 

Sample  11477  was  taken  50  feet  west  of  the  shaft,  mine  No.  1. 

Each  sample  represents  3  feet  of  coal,  the  thickness  of  the  bed. 

Notes. — ^The  shafts  are  110  feet  deep.  The  coal  is  mined  by  the  room-and-pilku* 
system.  At  the  time  of  sampling  the  output  was  30  tons  a  xiay.  The  coal  waa  used 
for  local  consumption. 

COLUltBIA.      FrATHER  No.  1  MiNE. 

Sample. — ^Bituminous  coal;  Bevier  field;  analyses  Nos.  11479,  11480,  11481,  and 
11482  (p.  44). 

Mine. — ^Frather  No.  1,  a  shaft  mine  in  sec.  11,  T.  49  N.,  R.  12  W.,  4)  miles  north  of 
Columbia,  which  it  the  nearest  shipping  point  on  the  Wabash  Railroad. 
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Coal  bed, — Bevier.  Carboniferoiui  age,  Pennsylvani&n  series,  Cherokee  shale. 
Thickness,  40  to  42  inches.  The  bed  is  more  or  less  undulating  with  a  slight  dip  to 
the  southeast.    Roof,  black  shale;  floor,  hard  fire  clay.    Cover,  35  to  65  feet. 

The  bed  was  measured  and  sampled  at  three  x>oints  in  the  mine  by  R.  D.  Eillian  on 
December  17,  1910. 

Sample  11479  was  taken  at  the  face,  000  feet  southwest  of  the  shaft. 

Sample  11480  was  taken  at  the  face,  600  feet  west  of  the  shaft. 

Sample  11481  was  taken  at  the  face,  800  feet  east  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  3  feet  6  inches  thick,  all  of  which  was 
included  in  the  sample. 

There  is  an  18-inch  bed  of  coal  30  feet  above  the  bed  mined  and  an  18-inch  bed  of 
coal  about  10  feet  below  it. 

A  composite  sample  was  made  from  face  samples  11479,  11480,  and  11481.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11482. 

Notes.— The  shaft  is  36  feet  deep.  The  coal  is  mined  by  the  room-and-pillar 
method.  At  the  time  of  sampling  the  capacity  was  35  tons  a  day;  the  coal  was  used 
for  local  purposes. 

CALLAWAY  COUNTY. 

Fulton.    No.  1  Mine. 

Sample. — Bituminous  coal;  Bevier  field;  analyses  Nos.  11501,  11502,  11503,  and 
11504  (p.  45). 

Mine. — No.  1,  a  shaft  mine  in  sec.  18,  T.  47  N.,  R.  9  W.,  2  miles  southwest  of  Fulton, 
on  a  spur  of  the  Chicago  A  Alton  Railroad. 

Coal  bed. — ^Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  2  feet  6  inches.  The  bed  lies  practically  horizontal.  Roof,  soft  shale 
mixed  with  clay,  about  12  inches  thick,  above  the  shale  is  a  limestone  cap  rock  14 
feet  thick;  floor,  hard  fire  clay.    Cover,  90  to  110  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  EiUian 
on  December  20,  1910. 

Sample  11501  was  taken  at  the  face,  1,000  feet  east  of  the  shaft. 

Sample  11502  was  taken  at  the  face,  600  feet  northeast  of  the  shaft. 

Sample  11503  was  taken  at  the  face,  600  feet  southwest  of  the  shaft. 

Each  sample  represents  2  feet  6  inches  of  coal,  the  thickness  of  the  bed. 

A  composite  sllmple  was  made  by  combining  face  samples  11501,  11502,  and  11503. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11504. 

Notes. — ^The  mine  is  opened  by  a  shaft  92  feet  deep  and  is  worked  by  the  longwall 
system.  At  the  time  of  sampling  the  output  waa  40  tons  a  day;  most  of  the  coal  was 
used  locally. 

HARBISON  COUNTY. 

Cainbsville.    Cainesville  Mine. 

Sample. — ^Bituminous  coal;  Cainesville  field;  analyses  Nos.  12679,  12680,  and 
12681  (p.  45). 

Mine. — Cainesville,  a  shaft  mine  in  sec.  13,  T.  65  N.,  R.  26  W.,  at  Cainesville,  on 
the  Chicago,  Burlington  &  Quincy  Railroad. 

Coal  bed. — Cainesville.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Roof,  drab  to  black  shale;  floor,  hard  sandy  clay.  Thickness,  3  feet  8  inches  to  5 
feet;  average,  4  feet.    Cover,  480  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  Henry  Hinds 
on  September  26,  1911. 

Sample  12679  was  taken  in  the  main  west  air  course,  600  feet  west  and  50  feet  north 
of  the  shaft,  and  represents  3  feet  10}  inches  of  coal. 
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Sample  12680  was  taken  in  south  entry  2,  off  the  main  east  entry,  150  feet  east  and 
350  feet  south  of  the  shaft,  and  represents  3  feet  9)  inches  of  coal. 

Sample  12681  was  taken  in  south  entry  2,  off  the  main  west  entry,  400  feet  south- 
west of  the  shaft,  and  represents  3  feet  9}  inches  of  coal.  Each  sample  represents  the 
entire  thickness  of  the  hed. 

Mklbouknk.    Trknton  No.  1  Mink. 

j9amj>2e.— Bituminous  coal;  analyses  Nos.  11374,  11375,  11376,  and  11377  (p.  45). 

Mine, — ^Trenton  No.  1,  a  shaft  mine  in  sec.  25,  T.  62  N.,  R.  26  W.,  one-fourth  mile 
east  of  Melhoume,  near  the  county  line,  and  on  the  Quincy,  Omaha  &  Kansas  City 
Baihoad. 

Coal  hed, — ^Lexington.  Carhoniferoiis  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  3  feet.  The  bed  lies  practically  horizontal.  Roof,  shale  8  inches  thick, 
overlain  by  calcareous  shale  2  feet  thick.    Floor,  hard  clay.    Cover,  138  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  KiUian 
on  December  7, 1910. 

Sample  11374  was  taken  at  the  face,  90  feet  south  of  the  shaft. 

Sample  11375  was  taken  at  the  &ce,  85  feet  northeast  of  the  shaft. 

Sample  11376  was  taken  at  the  iace,  30  feet  north  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  3  feet  thick.  There  was  a  2-inch  band 
of  clay  and '  *  sulphur ' '  1  foot  below  the  top  of  the  coal .  This  was  excluded  in  sampling 
the  coal.  There  was  shale  above  the  coal.  Below  the  coal  was  soft  clay  about  3 
inches  thick,  underlain  by  hard  clay. 

A  composite  sample  was  made  by  combining  face  samples  11374,  11375,  and  11376. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No. 
11377. 

Notes. — ^The  mine  is  opened  by  a  shaft  about  140  feet  deep  and  is  worked  by  the 
longwaU  system.    At  the  time  of  sampling  the  output  was  25  tons  a  day. 

HBNBY  COUNTY. 

Calhoun.    Parks  No.  1  Mine. 

Sample. — ^Bituminous  coal;  Lewis  field;  anal3rBes  Nos.  11314,  11315,  11316,  and 
11317  (p.  46). 

Jfin«.— Parks  No.  1,  a  drift  mine  in  sec.  25,  T.  34  N.,  R.  26  W.,  2J  miles  west  of 
Calhoun,  on  the  Missouri,  Kansas  &  Texas  Railway. 

Coal  bed. — Tebo.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale.  Thick- 
ness, 2  feet  8  inches.  The  bed  lies  horizontal.  Roof,  shale  3)  feet  thick,  overlain  by 
limestone  20  inches  thick.    Floor,  soft  fire  clay.    Cover,  about  15  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  November  30,  1910. 

Sample  11314  was  taken  at  the  face,  700  feet  southeast  of  the  mine  mouth. 

Sample  11315  was  taken  at  the  face,  700  feet  southwest  of  the  mine  mouth. 

Sample  11316  was  taken  at  the  face,  800  feet  west  of  the  mine  mouth. 

At  each  of  the  x)oints  sampled  the  bed  kneasured  2  feet  8  inches.  There  was  a 
''sulphur"  band  1  inch  thick  about  1  foot  4  inches  from  the  top  of  the  coal.  This 
was  excluded  in  sampling. 

A  composite  sample  was  made  by  combining  jbce  samples  11314,  11315,  and  11316. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  imder  laboratory  No. 
11317. 

NoUt. — ^The  coal  is  mined  by  the  longwall  system.  At  the  time  of  sampling  the 
output  was  35  tons  a  day. 
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GmrroN.    Lane  No.  1  Minb. 

iSamp2e.— BituminouB  coal;  Lewis  field;  analyses  Nos.  11248,  11349,  11260,  and 
11251  (p.  46). 

JtftrK.— Lane  No.  1,  a  slope  mine  in  sec.  28,  T.  42  N.,  R.  26  W.,  ^  miles  northwest 
of  Clinton,  with  connections  to  the  St.  Louis  &  San  Francisco  Railroad. 

Coal  bed.— Teho.  Oarbonifefous  age,  Fennsylvanian  ssries,  Cherokee  shale.  Thick- 
ness, 2  feet  6  inches.  The  bed  dips  slightly.  Roof,  calcareous  shale;  floor,  clay. 
Cover,  18  to  20  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
November  25, 1910. 

Sample  11248  was  taken  at  the  face,  210  feet  northwest  of  the  mine  mouth,  and  rep- 
resents 2  feet  6  inches  of  clean  coal. 

Sample  11249  was  taken  at  the  face,  300  feet  northeast  of  the  mine  mouth,  and  rep- 
resents 2  feet  6  inches  of  clean  coal. 

Sample  11250  was  taken  at  the  face,  230  feet  north  of  the  mine  mouth,  and  representa 
2  feet  6  inches  of  clean  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  included. 

A  composite  sample  was  made  from  face  samples  11248,  11249,  and  11250.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11251. 

NoU8.— The  mine  is  worked  by  the  longwall  system.  At  the  time  of  sampling  the 
daily  output  was  20  tons. 

CuNTON.    Nkil  No.  1  Mink. 

i^amp^.—Bitiunlnoufl  coal;  analyses  Nos.  11302,  11303,  11304,  and  11305  (p.  46). 

Miru.—J^eH  No.  1,  a  shaft  mine  in  sec.  34,  T.  42  N.,  R.  26  W.,  1  mile  north  of  Clinton, 
on  the  St.  Louis  &  San  Francisco  Railroad. 

Coal  bed. — Not  correlated.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  2  feet  6  inches.  The  bed  lies  practically  horizontal.  Roof,  siliceous  lime- 
stone 6  feet  thick;  floor,  clay.    Cover  at  points  of  sampling,  25  feet. 

The  bed  was  measured  and  sampled  at  three  x>oint8  in  the  mine  by  R.  D.  Killian  on 
December  1, 1910. 

Sample  11302  was  taken  at  the  face,  200  feet  southwest  of  the  shaft. 

Sample  11303  was  taken  at  the  face,  100  feet  northwest  of  the  shaft. 

Sample  11304  was  taken  75  feet  east  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  2  feet  6  inches  thick,  with  a  2-inch  "sul- 
phur" band  10  inches  from  the  top.  This  was  excluded  from  the  samples,  which 
represent  2  feet  4  inches  of  coal. 

A  composite  sample  was  made  by  combining  face  samples  11302, 11303,  and  11304. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No. 
11^5. 

JVbtes.— The  mine  is  opened  by  a  shaft  about  30  feet  deep  and  is  worked  by  the  long- 
wall  method.  At  the  time  of  sampling  the  output  was  12  tons  a  day.  The  coal  waa 
used  for  local  purposes. 

CuNTON.    Pharis  No.  1  Minb. 

i^omp^^.— Bituminous  coal;  Jordan  field;  analyses  Nos.  11370,  11371,  11372,  and 
11373  (p.  47). 

Mine.—l^hatiB  No.  1,  a  shaft  mme  in  sec.  7,  T.  41  N.,  R.  26  W.,  2  miles  east  of  Clin- 
ton, on  the  St.  Lotds  A  San  Francisco  Railroad. 

Coal  bed. — Jordan.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  1  foot  10  inches.  The  bed  lies  practically  horizontal.  Roof,  blue  shale 
2}  feet  thick,  overlain  by  calcareous  shale  10  feet  thick;  floor,  fire  clay.  Cover  at 
point  of  sampling,  30  feet. 
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The  bed  was  meaflured  and  sampled  at  three  points  in  the  mine  foy  R.  D.  Killian  on 
December  1,  1910. 

Sample  11370  was  taken  at  the  face,  100  feet  west  of  the  shaft. 

Sample  11371  was  measured  at  the  face,  100  feet  south  of  the  shaft. 

Sample  11372  was  measured  at  the  face,  50  feet  east  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  1  foot  10  inches  thick,  with  a  2-inch 
"sulphur*'  band  about  8  inches  from  the  top  of  the  bed.  This  was  excluded  in  sam- 
pling, each  sample  representing  1  foot  8  inches  of  coal. 

A  composite  sample  was  made  by  combining  face  samples  11370,  11371,  and  11372. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No. 
11373. 

JVotet. — ^The  mine  is  opened  by  a  shaft  about  35  feet  deep,  and  is  worked  by  the 
room-and-pillar  system.    The  daily  output  at  the  time  of  sampling  was  14  tons. 

Clinton.    Sheldon  No.  1  Mine. 

Sample. — Bituminous  coal,  Jordan  field;  analyses  Nos.  11262,  11263,  11264,  and 
11265  (p.  47). 

ifiiM.^Sheldon  No.  1,  a  shaft  mine  in  sec.  25,  T.  41  N.,  R.  26  W.,  3  miles  southeast 
of  Clinton,  on  the  St.  Louis  &  San  Francisco  Railroad  and  the  Kansas  City  Southern 
Railway. 

Coal  bed. — Jordan.  Carboniferous  age,  Pennsylvanlan  series,  Cherokee  shale. 
Thickness,  2  feet  2  inches.  The  bed  lies  practically  horizontal.  Roof,  shale,  7  feet 
thick;  fiber,  fire  day.    Cover  at  points  of  sampling,  35  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
November  23,  1910. 

Sample  11262  was  taken  at  the  face,  80  feet  southwest  of  the  shaft,  and  represents 
2  feet  2  inches  of  dean  coal. 

Sample  11263  was  taken  at  the  face,  110  feet  south  of  the  shaft,  and  represents  2  feet 
2  inches  of  dean  coal. 

Sample  11264  was  taken  at  the  face,  110  feet  southeast  of  the  shaft,  and  represents 
2  feet  2  inches  of  clean  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  included. 

A  composite  sample  was  made  from  face  samples  11262,  11263,  and  11264.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11265. 

JVbtes. — ^The  shaft  is  about  40  feet  deep.  The  coal  is  mined  by  the  longwall  system. 
At  the  time  of  sampling  the  output  was  20  tons  a  day. 

Deepwater.    Dickey  No.  1  Pit. 

SampU.—BitaioiDonB  coal,  Jordan  field;  analyses  Nos.  11310,  11311,  11312,  and 
11313  (p.  47). 

Mine. — Dickey  No.  1,  an  open-pit  mine  in  sec.  14,  T.  40  N.,  R.  26  W.,  in  the  eastern 
part  of  the  dty  of  Deepwater,  on  the  Kansas  City,  Clinton  &  Springfield  Railway. 

Coal  bed. — Jordan.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  26  inches.  The  bed  is  horizontal.  Roof,  shale,  2  to  4  feet  thick,  overlain 
by  15  feet  of  day  and  soil;  floor,  fire  clay. 

The  bed  was  measured  and  sampled  at  three  points  in  the  pit  by  R.  D.  Killian  on 
December  1, 1910. 

Sample  11310  was  taken  at  the  face  on  the  north  side  of  the  pit. 

Sample  11311  was  taken  at  the  fBce  on  the  east  side  of  the  pit. 

Sample  11312  was  taken  at  the  face  on  the  west  side  of  the  pit. 

At  each  of  the  points  sampled  the  bed  was  2  feet  2  inches  thick,  with  a  2-inch  ^'sul- 
phur "  band  about  8  inches  from  the  top.  This  band  was  exduded  from  the  aamplea, 
which  represent  2  feet  of  coal. 

47eW— BuU.  85—14 ^15 
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A  composite  sample  was  made  from  face  samples  11310,  11311,  and  11312.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11313. 

N0U9, — ^The  mine  is  worked  as  an  open  pit.  At  the  time  of  sampling  the  output  was 
10  tons  a  day,  for  local  use. 

DsKPWATER.    Hurst  No.  1  Mine. 

Sample. — Bituminous  coal,  Jordan  field;  analyses  Nos.  11252,  11253,  11254,  and 
11255  (p.  47). 

Mine. — Hurst  No.  1,  a  shaft  mine  in  sec.  13,  T.  40  N.,  R.  26  W.,  three-fourths  of  a 
mile  east  of  Deepwater,  with  connections  to  the  St.  Louis  A  San  Francisco  Railroad. 

Coal  bed. — Jordan.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  3  feet  4  inches.  The  bed  lies  practically  horizontal.  Roof,  dark  gray 
shale;  floor,  soft  clay.    Cover,  54  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  KiUian  on 
November  26, 1910. 

Sample  11252  was  taken  at  the  face,  100  feet  northeast  of  the  shaft,  and  represents 

3  feet  4  inches  of  clean  coal. 

Sample  11253  was  taken  at  the  face,  350  feet  west  of  the  shaft,  and  represents  3  feet 

4  inches  of  dean  coal. 

Sample  11254  was  taken  at  the  face,  450  feet  northwest  of  the  shaft,  and  represents 
3  feet  4  inches  of  clean  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  included. 

A  composite  sample  was  made  by  combining  face  samples  11252, 11253,  and  11254. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11255. 

Notes. — ^The  shaft  is  60  feet  deep.  The  room-and-pillar  system  of  mining  is  em- 
ployed. The  coal  is  delivered  to  the  railroad  by  a  tramway  1,100  feet  long.  At  the 
time  of  sampling  the  output  was  65  tons  a  day.  The  coal  was  marketed  in  the  neigh- 
boring towns  along  the  Frisco  Railroad. 

Lew]».     Pioo  No.  1  HiNE. 

iSamp2e. —Bituminous  coal,  Lewis  field;  analyses  Nos.  11267, 11268, 11269,  and  11270 
(p.  48). 

Mine. — Pigg  No.  1,  a  shaft  mine  in  sec.  9,  T.  42  N.,  R.  25  W.,  three-fourths  of  a  mile 
north  of  Lewis,  connected  by  a  tramway  to  the  Missouri,  Kansas  &  Texas  Railway. 

Coal  bed. — ^Tebo.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale.  Thick- 
ness, 2  feet  6  inches.  The  bed  lies  practically  horizontal.  Roof,  shale  3  feet  thick, 
overlain  by  hard  limestone  10  to  20  inches  thick;  floor,  soft  clay.  Cover  at  points  of 
sampling,  34  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  KiUian, 
on  November  28,  1910. 

Sample  11267  was  taken  at  the  face,  1,300  feet  west  of  the  shaft,  and  represents  2  feet 
6  inches  of  clean  coal.' 

Sample  11268  was  taken  at  the  face,  1,300  feet  southwest  of  the  shaft,  and  represents 
2  feet  6  inches  of  coal. 

Sample  11269  was  taken  at  the  face,  1,400  feet  southwest  of  the  shaft,  and  represents 
2  feet  6  inches  of  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  included. 

A  composite  sample  was  made  by  combining  face  samples  11267, 11268,  and  11209. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11270. 

Notes.— The  mine  is  opened  by  a  shaft  50  feet  deep  and  is  worked  by  the  longwall 
system.  At  the  time  of  sampling,  punching  machines  operated  by  comproBBod  air 
were  used  for  imdercutting  the  coal.    The  daily  output  was  65  tons. 
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Brookfield.    Grandall  No.  1  Mine. 

Sample. — ^Bituminous  coal;  Marceline  field;  analyBes  NO0.  11421,  11422,  11423,  and 
11424  (p.  48). 

Mine, — Grandall  No.  1,  a  shaft  mine  in  sec.  20,  T.  57  N.,  R.  19  W^  1}  miles  east  of 
Brookfield  near  the  Ghicago,  Burlington  &  Quincy  Railroad. 

Coal  bed. — ^Tebo.  Garboniferous  age,  Pennsylvanian  series,  Gherokee  shale.  Thick- 
neas,  2  feet  2  inches.  The  bed  lies  horizontal.  Roof,  fire  clay,  4  inches  thick,  over- 
lain by  blue  shale  51  feet  thick;  floor,  soft  fire  clay  3  inches  thick,  underlain  by  hard 
clay.    Gover,  155  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian, 
on  December  12, 1910. 

Sample  11421  was  taken  at  the  face,  750  feet  southeast  of  the  shaft. 

Sample  11422  was  taken  at  the  face,  750  feet  southwest  of  the  shaft. 

Sample  11423  was  taken  at  the  face,  800  feet  east  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  2  feet  5  inches  thick,  with  a  3-inch  parting 
of  soft  fire  clay,  about  2  feet  2  inches  from  the  top.  Each  sample  represents  2  feet  2 
inches  of  coal,  the  parting  being  excluded. 

A  ccHn])06ite  sample  was  made  by  combining  face  samples  11421,  11422,  and  11423. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11424. 

Notes. — ^The  shaft  is  140  feet  deep.  The  longwall  system  of  mining  is  employed. 
At  the  time  of  sampling  the  daily  output  was  20  tons.  The  entire  output  was  sold  in 
and  around  Brookfield. 

BsooKFiBLD.    Walker  No.  1  Mine. 

Sample. — Bitmninous  coal;  Marceline  field;  analyses  Nos.  11413,  11414,  11415,  and 
11416  (p.  49). 

Mine. — ^Walker  No.  1,  a  shaft  mine  in  sec.  16,  T.  57  N.,  R.  19  W.,  3  miles  southeast  of 
Brookfield,  on  the  Ghicago,  Burlington  &  Quincy  Railroad. 

Coal  bed. — ^Tebo.  Garboniferous  age,  Pennsylvanian  series,  Gherokee  formation. 
Thickness,  2  feet  2  inches.  The  bed  lies  practically  horizontal.  Roof,  blue  shale;  floor, 
soft  clay  4  inches  thick,  underlain  by  hard  clay.    Gover  at  points  of  sampling,  170  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  December  12, 1910. 

Sample  11413  was  taken  at  the  face,  250  feet  southwest  of  the  shaft. 

Sample  11414  was  taken  at  the  face,  200  feet  northeast  of  the  shaft. 

Sample  11415  was  taken  at  the  face,  200  feet  southeast  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  2  feet  2  inches  thick,  all  of  which  is 
repreeented  in  the  samples.^ 

A  composite  sample  was  made  by  combining  face  samples  11413, 11414,  and  11415. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  imder  laboratory  No.  11416. 

Notei. — ^The  shaft  is  about  175  feet  deep.  The  mine  is  worked  by  the  longwall 
method.    At  the  time  of  sampling  the  daily  output  was  10  tons;  it  was  used  locally. 

Marceline.    Landreth  No.  1  Mine. 

Sample. — ^Bituminous  coal;  Marceline  field;  analyses  Nos.  11417,  11418,  11419,  and 
11420  (p.  49). 

Mine. — Landreth  No.  1,  a  shaft  mine  in  sec.  20,  T.  57  N.,  R 18  W.,  three-fourths  of  a 
mile  west  of  Marceline,  near  the  Atchison,  Topeka  A  Santa  Fe  Railway. 
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Coal  bed.— Teho.  CarboniferouB  age,  Peniiaylvaiiian  seriee,  Cherokee  ehale.  Thick- 
ness, 2  feet  4  inches.  The  bed  liee  practically  horizontal.  Boof,  soft  blue  diale  31 
feet  thick;  floor,  clay.    Cover,  130  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  EHHan  on 
December  13,  1910. 

Sample  11417  was  taken  at  the  face,  600  feet  east  of  the  shaft,  and  represents  2  feet  4 
inches  of  clean  coal. 

Sample  11418  was  taken  at  the  face,  000  feet  north  of  the  shaft,  and  represents  2  feet 
4  inches  of  clean  coal. 

Sample  11419  was  taken  at  the  foce,  000  feet  south  of  the  shaft,  and  represents  2  feet 
4  inches  of  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  included. 
.  A  composite  sample  was  made  by  combining  face  samples  11417, 11418,  and  11419. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11420. 

NoUs. — ^The  mine  is  opened  by  a  shaft  about  130  feet  deep,  and  is  worked  by  the 
longwall  system.  At  the  time  of  sampling  the  daily  output  was  25  tons.  The  coal 
is  hauled  by  wagon  to  Marceline,  where  it  is  used  for  domestic  and  steaming  puipoaes. 

FUTNAM  OOWSm. 
Mendota.    Mbndota  No.  2  Mine. 

SampU.-^Bituminowi  coal;  Mendota  field;  analyses  Nos.  11398,  11399,  11400,  and 
11401  (p.  49). 

Jfine.— Mendota  No.  2,  a  shaft  mine  in  sec.  1,  T.  66  N.,  B.  18  W.,  1  mile  south- 
east of  Mendota  on  the  Chicago,  Burlington  &  Qtdncy  Baifaoad. 

Coal  bed. — Lexington.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  3  feet.  The  bed  lies  horizontal.  Boof,  shale  18  inches  ^ck,  overlain  by 
calcareous  shale  16  feet  thick;  floor,  hard  fire  clay.    Cover,  65  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  B.  D.  Killian  on 
December  10, 1910. 

Sample  11398  was  taken  at  the  face,  2,500  feet  southwest  of  the  shaft 

Sample  11399  was  taken  at  the  face,  3,200  feet  south  of  the  shaft. 

Sample  11400  was  taken  at  the  hce^  3,100  feet  southeast  of  the  shaft. 

At  ^ich  of  the  places  sampled  the  coal  was  3  feet  thick,  with  a  2-inch  clay  parting 
about  the  middle  of  the  bed.    The  parting  was  excluded  from  the  samples. 

A  compoate  sample  was  made  from  face  samples  11398, 11399,  and  11400.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11401. 

Notei, — ^The  shaft  is  67  feet  deep.  A  combination  of  the  room-and-pillar  and  the 
longwall  systems  of  mining  are  used.  At  the  time  of  sampling  the  output  was  100 
tons  a  day.    The  coal  was  used  for  domestic  fuel  and  steaming  purposes. 

Unionville.    Anderson  Mine. 

Sample, — Bituminous  coal;  Mendota  field;  analyses  Nos.  14880  and  14881  (p.  49). 

Jftn«.— Anderson,  a  shaft  mine,  Unionville  district;  NW.  {  sec.  30,  T.  66  N.,  B. 
19  W. ;  2)  miles  northeast  of  Unionville. 

Coal  bed. — ^Lexington.  Carbonifieious  age;  Pennsylvanian  series;  Qkerokee  diale. 
Boof,  black  "slaty"  shale,  overlain  by  limestone;  floor,  day.  Thickness,  32  indies, 
fairly  uniform. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  M.  Albertson  on 
October  10,  1912,  as  described  below* 
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SeetionM  of  coal  bed  in  Anderton  mine. 


No. 


OcmL. 


Clmsr. 

OoSl. 


OnL. 


Tbidmeas  of  bed 

Thieknon  of  ooal  sampled. 


A 

14880 

Ft.  in. 
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7 
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U 

•  * 

m  m 

2 
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2 

6 

B 
14881 
Ft.  in. 

1     6 


aO 
0 

aO 
0 
3 
2 


I? 

i 


Section  A  ( 
Section  B  ( 


•  Exduded  from  aamirie. 

pie  14880)  was  taken  175  feet  southweet  of  the  shaft, 
pie  14881)  was  taken  160  feet  east  of  the  shaft. 

&ANDOLFH  OOUNTY. 
HuNTSviLLB.    Carbon  No.  1  Mink. 

Sample. — Biteminous  coal,  Bevier  field;  analyses  Nos.  11452,  11453,  11454,  and 
11455  (p.  50). 

Mine. — Canon  No.  1,  a  shaft  mine  in  the  Huntsville  district;  sec.  36,  T.  54  N.,  R.  15 
W.;  in  the  southern  part  of  Huntsville,  on  the  Wabash  Railroad. 

Coal  bed. — ^Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  4  feet.  The  bed  lies  horizontal.  Roof,  blue  calcareous  shale  20  feet  thick; 
floor,  hard  fire  clay.    Cover  at  points  of  sampling,  40  feet. 

The  bed  was  measured  and  sampled  at  three  x>oints  in  the  mine  by  R.  D.  Killian  on 
DecOTiber  14, 191Q. 

Sample  11452  was  taken  at  the  face,  250  feet  southeast  of  the  shaft,  and  represents  4 
feet  of  clear  coal,  the  thickness  of  the  bed. 

Sample  11453  was  taken  at  the  face,  300  feet  north  of  the  shaft,  and  represents  4  feet 
of  clear  coal,  the  thickness  of  the  bed. 

Sample  11454  was  taken  at  the  face,  200  feet  southwest  of  the  shaft,  and  represents  4 
feet  of  clear  coal,  the  thickness  of  the  bed. 

A  composite  sample  was  made  by  combining  face  samples  11452,  11453,  and  11454. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11455. 

Notee. — The  mine  is  opened  by  a  shaft  about  40  feet  deep;  it  is  worked  by  the  room- 
and-pillar  eystem .  At  tiie  time  of  sampling  the  daily  output  was  10  tons.  The  coal  is 
sold  in  the  local  markets  at  Huntsville. 

Huntsville.    Northbbn  No.  2  Minb. 

Sample. — Bituminous  coal;  Bevier  field;  analyses  Nos.  11448,  11449,  11450,  and 
11451  (p.  50). 

ifuie.— Northern  No.  2,  a  shaft  mine  in  the  Huntsville  district;  SE.  }  sec.  36,  T.  54 
N.,  R.  15  W. ;  three-fourths  of  a  mile  south  of  Huntsville,  on  the  Wabash  Railroad. 

Coal  bed. — ^Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  4  feet.  The  bed  lies  horizontal .  Roof,  blue  calcareous  shale  30  feet  thick ; 
floor,  hard  fire  clay.    Cover  at  points  of  sampling  70  feet. 

The  bed  was  measured  and  sampled  at  three  x>oint8  in  the  mine  by  R.  D.  Killian  on 
December  14,  1910. 

Sample  11448  was  taken  at  the  face,  4,000  feet  south  of  the  shaft,  and  represents  4 
feet  of  clear  coal. 

Sample  11449  was  taken  at  the  face,  3,800  feet  northeast  of  the  shaft,  and  represents  4 
feet  of  clear  coal. 

Sample  11450  was  taken  at  the  face,  3,500  feet  southeast  of  the  shaft,  and  represents  4 
feet  of  clear  coal. 
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A  composite  sample  was  made  by  combining  face  samples  11448, 11449,  and  11450. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11451 . 

Notes.— -The  shaft  is  about  70  feet  deep;  the  room-and-pillar  system  of  mining  is 
used.    At  the  time  of  sampling  the  output  was  600  tons  a  day. 

Rbnick.    Osbis  No.  1  Mine. 

Sample, — ^Bituminous  coal;  Bevier  field;  analyses  Nos.  11497,  11498,  11499,  and 
11500  (pp.  50, 51). 

Mvne.-OniB  No.  1,  a  shaft  mine  in  the  Higbee  district;  sec.  31,  T.  53  N.,  R.  13  W., 
one-quarter  mile  west  of  Renick,  on  the  Wabash  Railroad. 

Coal  bed. — ^Mulky.  Oarboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness  1  foot  6  inches.  The  bed  lies  horizontal.  Roof,  shale  4  feet  thick,  overlain 
by  limestone  6  feet  thick ;  floor,  fire  clay  1  foot  6  inches  thick.  Cover  at  points  of  samp- 
ling, 60  feet. 

The  bed  was  measured  and  sampled  at  three  places  in  the  mine  by  R.  D.  Killian  on 
December  15,  1910. 

Sample  11497  was  taken  at  the  face,  300  feet  southwest  of  the  shaft. 

Sample  11498,  was  taken  at  the  face,  300  feet  northwest  of  the  shaft. 

Sample  11499  was  taken  at  the  face,  300  feet  west  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  1  foot  6  inches  thick,  all  of  which  was 
included  in  sampling. 

A  composite  sample  was  made  by  mixing  face  samples  11497, 11498,  and  11499.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11500. 

Notes.— The  shaft  is  about  60  feet  deep;  the  room-and-pillar  system  of  mining  is 
employed.  ^  At  the  time  of  sampling  the  daily  output  was  10  tons;  the  coal  was  sold  in 
local  markets. 

BAY  OOTTNTY. 

ViBBARD.  ViBBABD  No.  1  MiNB. 

Sample. — Bituminous  coal;  Lexington  field;  analyses  Nos.  11365,  11366,  11367, 
and  11368  (p.  51). 

Mine. — ^Vibbard  No.  1,  a  shaft  mine  in  the  Richmond  district;  sec.  27,  T.  53  N., 
R.  29  W.;  one-fourth  of  a  mile  south  of  Vibbard,  on  the  Atchison,  Topeka  &  Santa 
Fe  Railway. 

Coal  bed. — ^Lexington.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  2  feet  2  inches.  The  bed  lies  horizontal.  Roof,  *< slate"  8  inches  thick, 
overlain  by  calcareous  shale  7  feet  thick;  floor,  clay.  Cover  at  points  of  sampling, 
400  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  December  5, 1910. 

Sample  11365  was  taken  at  the  face,  250  feet  south  of  the  shaft. 

Sample  11366  was  taken  at  the  face,  250  feet  east  of  the  shaft. 

Sample  11367  was  taken  at  the  face,  200  feet  west  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  2  feet  2  inches  thick,  with  a  2-inch  "sul- 
phur" band  8  inches  from  the  top.  Each  sample  represents  2  feet  of  coal,  the  2-inch 
band  being  excluded. 

A  composite  sample  was  made  by  combining  fskce  samples  11365, 11366,  and  11367. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11368. 

Notes. — ^The  mine  is  worked  by  the  longwall  system;  at  the  time  of  sampling  the 
output  was  12  tons  a  day.    The  coal  was  sold  in  the  local  market. 
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VB&NON  COUNTY. 

MOUNDVILLB.      BbOWN  No.  1  MiNB. 

iSomp^f.— Bitmninoiu  coal;  analyses  Nos.  11201,  11202,  11203,  and  11204  (p.  51). 

Mine. — Brown  No.  1,  a  shaft  mine  in  sec.  5,  T.  34  N.,  R.  32  W.,  at  the  northwest 
comer  of  Moundville,  on  the  MiBsouri  Pacific  Railway. 

Coal  bed. — Not  correlated.  Oarboniferous  age,  Pennsylvanian  series.  Thickness, 
5  feet  10  inches.  The  bed  lies  horizontal.  Roof,  dark  bluish  shale*  8  feet  thick; 
floor,  hard  shale.    Cover  at  points  of  sampling,  28  feet. 

The  bed  was  measiared  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  November  16, 1910. 

Sample  11201  was  taken  at  the  foce,  40  feet  northwest  of  the  shaft. 

Sample  11202  was  taken  at  the  face,  100  feet  northeast  of  the  shaft. 

Sample  11203  was  taken  at  the  face,  125  feet  north  of  the  shaft. 

Each  sample  represents  2  feet  2  inches  of  coal.  A  lower  bench  of  coal,  2  feet  4 
inches  thick,  was  separated  from  the  one  sampled  by  1  foot  4  inches  of  shale. 

A  composite  sample  was  made  by  combining  &ce  samples  11201, 11202,  and  11203. 
The  results  of  an  ultimate  analjrsis  of  this  sample  are  given  under  laboratory  No. 
11204. 

Notes. — ^The  shaft  is  26  feet  deep;  the  mine  is  worked  by  room-and-pillar  system. 
At  the  time  of  sampling  the  daily  output  was  40  tons. 

Panama.    Jones  No.  1  Mink. 

Sample.—BitujmnojiB  coal;  Rich  Hill  field;  analyses  Nos.  11205,  11206,  11207,  and 
11208  (p  51). 

Mirie, — Jones  No.  1,  a  shaft  mine  in  sec.  4,  T.  37  N.,  R.  31  W.,  2  miles  south  of 
Panama,  on  the  MiBsouri  Pacific  Railway. 

Coal  bed. — Rich  Hill.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  5  feet.  The  bed  lies  practically  hwizontal.  Roof,  shale  1  foot  thick; 
floor,  soft  shale.    Cover  40  to  60  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  November  16, 1910. 

Sample  11205  was  taken  at  the  face,  450  feet  east  of  the  shaft. 

Sample  11206  was  taken  at  the  face,  1,000  feet  southeast  of  the  shaft. 

Sample  11207  was  taken  at  the  face,  100  feet  east  of  the  shaft. 

At  each  of  the  points  sampled  the  coal  bed  was  5  feet  thick.  Above  the  coal  was  a 
"sulphur"  band  5  inches  thick,  which  was  overlain  by  the  shale  roof.  There  was 
shale  below  the  coal. 

A  composite  sample  was  made  by  combining  fa^ce  samples  11205, 11206,  and  11207. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
11208. 

Notei. — ^The  shaft  is  27  feet  deep;  the  mine  is  worked  by  the  room-and-pillar  system. 
At  the  time  of  sampling  the  coal  was  blasted  off  the  soUd;  the  daily  output  was  100 
tons. 

MONTANA, 

BliAINB  COUNTY. 

Clbvkland.    Cook  Mine. 

Sample. — Subbituminous  coal;  Cleveland  field;  analysis  No.  14782  (p.  52). 
Mine.^Cook;  SW.  i  sec.  35,  T.  30  N.,  R.  20  E.,  about  4  miles  northeast  of  Cleveland 
post  office. 


222 


ANALYSES  OF  COAL. 


Coal  bed, — ^Not  named;  Judith  River  fonnadon;  Cretaceous  age.    Tlie  bed 
measured  and  sampled  at  one  point  in  the  mine  by  C.  F.  Bowen  and  Harvey  Baaaler 
on  September  22, 1912,  as  shown  below: 

Section  of  coal  bed  in  Cook  mine. 


LabontorjNo 

Boof,9baIe. 

Coal 

Clay 

Cod 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


14782 
FL  In. 

1    S 
«0    6» 

110 

3    H 
3    1 


a  Not  included  in  sample. 

The  sample  was  taken  from  the  face  of  the  entry,  about  500  feet  from  the  mine 
mouth. 

NoU». — ^The  mine  was  operated  during  the  winter  months  and  has  an  output  of  about 
600  tons  a  year. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  XJ.  S.  Geol.  Survey 
Bull.  Ml.    (In  press). 

CAJtBON  COUNTY. 
Bkar  Orbbk.    No.  2  Minb. 

Sample, — Subbituminous  coal;  Red  Lodge  field;  analyses  Nos.  15145  and  15151; 
15146  and  15152;  15147  and  15153;  15148  and  15154;  15149  and  15155;  and  15150  and 
15156.    (pp.  52,53). 

Jftn«.— No.  2,  a  drift  mine  in  sec.  6,  T.  8  S.,  R.  21  £.,  1}  miles  west  of  Bear 
Creek,  on  the  Montana,  Wyoming  &  Southern  Railroad. 

Coal  bed. — No.  2,  Tertiary  age,  Fort  Union  formation.  Average  thickness,  6  feet 
6  inches;  dip,  about  5°  southwest,  not  uniform.  Roof,  dark  shale  4  to  10  feet  thick, 
overlain  by  sandstone;  floor,  soft  smooth  fire  clay.  Particles  of  the  roof  and  floor  did 
not  mix  with  the  coal  in  mining.    Cover  at  the  points  of  sampling,  85  to  105  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  O.  U.  Bradley  on 
November  28  to  30,  1912,  as  described  below: 

Sections  of  coal  bed  in  No,  t  mine. 


Section 

Laboratory  No 

Roof,  clay  (overlain  by  shale). 

Coal 

Coal,  bony 

Coal 

Clav  and  bony  coal 

Clay  or  bony  cofli. 

Floor,  fireclay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

D 

r  15145 
1  15151 

15146 

15147 

15148 

15152 

15153 

15154 

Pt.  la. 

Pt,  in. 

Ft,  H, 

Ft.  in. 

0  4 

0  6 

0  6 

0  7 

0  3 

0  \ 

0  3 

0  3} 

2  7 

2  8 

4  10| 

2  8 

0  1 

0  \ 

•  •    «  « 

^     1 

0  3 

•  •    •  • 

0  ^ 

0  h 

•  •    •  • 

•  «    •  • 

0  1 

2  8 

3  1 

..  .. 

2  6 

%l 

6  4 
6  4 

tsi 

6  9 

E 
1S149 
15155 
Ft.  la. 

0    6 

0 

2 

0 

0 

0 

2 


f 

4 


5    9 
5    9 


Section  A  (samples  15145  and  15151)  was  measured  on  a  pillar  between  rooms  9 
and  10,  of!  north  entry  2. 

Section  B  (samples  15146  and  15152)  was  measured  at  the  face  of  room  10;  125  feet 
off  west  entry  1. 

Section  0  (samples  15147  and  15153)  was  measured  at  the  face  of  room  9»  45  feel 
off  east  entry  9. 
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Section  D  (samples  15148  and  151M)  was  meaBUred  at  the  face  of  the  cut-through 
in  room  22,  off  east  entry  4. 

Section  £  (samples  15149  and  16155)  was  measured  at  the  face  of  room  11,  36  feet 
off  rock  tunnel  entry. 

A  composite  sample  was  made  by  mizirg  samples  15146,  16147,  15148,  and  15149. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
15150. 

A  composite  sample  was  made  by  mixing  samjdes  Nos.  15162,  15168,  15164,  and 
15165.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  linder  laboratory 
No.  15156. 

NoUs. — ^The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling, 
the  coal  was  undercut  by  chain  cutting  machines  and  broken  down  with  FF  black 
blasting  powder.  None  of  the  coal  was  shipped  as  run-of-mine.  The  tipple  was 
equipped  with  shaking  screens  12  feet  long  and  5  feet  wide  with  openings  2^  by  4 
inchee,  screens  5  feet  wide  and  12  feet  long,  with  2-inch  openings,  and  a  revolving 
screen  12  feet  long  with  }  and  \\  inch  openings.  About  50  per  cent  of  the  coal  passed 
through  the  laiger  screens.  The  screenings  were  conveyed  by  an  aerial  tramway  to 
the  dirt  dump.  There  were  no  pickers  employed.  The  lumps  were  laige  and  appeared 
to  be  clean  coal.  There  were  two  loading  tracks  with  a  capacity  of  20  empty  and  20 
loaded  cars.  The  daily  output  of  the  mine  was  about  800  tons.  The  intent  was  to 
increase  the  output  to  1,000  or  1,200  tons  when  the  No.  3  seam  is  opened. 

Bear  Crkkk.    North  Sidk  and  SoirrH  Sidb  Minks. 

Sample. — Subbituminoua  coal;  Red  Lodge  field;  analyses  Nos.  15127  and  1513S| 
15128  and  15132,  15129  and  15131,  15143  and  15144,  and  15130  and  15134  (p.  53). 

Mine. — ^The  North  Side  and  South  Side  mines  are  opened  by  drifts  in  sections  6 
and  6,  T.  8  S.,  R.  21  E.  The  tipple  is  1  mile  west  of  Bear  Creek,  on  the  Montana, 
Wyoming  &  Southern  Railroad. 

Coal  bed. — No.  3,  -Tertiary  age.  Fort  Union  formation.  Average  thickness,  6  feet 
3  inches;  dip,  about  4^  southwest.  The  cleat  is  poorly  defined.  The  coal  bed  has 
two  irregular  bone  partings.  The  roof  is  a  dark  blue  shale  which  occasionally  comes 
down  with  the  coal;  above  the  shale  is  a  sandstone  cap  rock.  The  floor  is  a  soft 
smooth  fire  clay.  There  is  a  workable  coal  bed  80  feet  above  and  one  60  feet  below 
this  bed.  At  the  time  of  sampling,  particles  of  the  roof  and  floor  mixed  with  the 
coal  in  mining.    Cover  at  the  points  of  sampling,  75  to  130  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  South  Side  mine  on 
November  25,  1912,  and  at  one  point  in  the  North  Side  mine  on  December  1,  1912, 
by  O.  U.  Bradley,  as  described  below: 

Sections  of  coal  bed  in  Sotith  Side  mine. 


SeetSon 

A 

/    16127 

\   16183 

Ft.  in. 

6    e 

aO     8 

0     7 

so     4 

0    10 

7    11 
6    11 

B 
15128 
15132 
Ft.  in. 

5      7 
aO      4 

■  •         •  • 

•  •             •  a 

1      9 

7     8 
7     4 

c 

15129 

Roof,  blue  shale. 

Goal 

15131 
Ft.  te. 
6     1 

f^ay  and  bone. . .         .  .                   .                              ........ 

oQ     6 

Coal 

0     7 

Bone 

aQ     2 

Coal 

0    11 

Floor,  clay. 

TUcknenorbed 

7     2 

Tht{*lmf(T||  ^  ^tfml  8aniphHl , ..... 

6     7 

o  Not  Included  in  sample. 

Section  A  (samples  15127  and  15133)  was  measured  at  the  face  of  room  2,  off  north 
entry  1,  50  feet  in  from  entry. 
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Section  B  (samples  15128  and  15132)  was  measured  in  the  crosscut  from  the  main 
entry  to  the  back  entry,  350  feet  from  the  mouth  of  the  main  entry  and  75  feet  from 
the  face  of  the  back  entry. 

Section  G  (samples  15129  and  15131)  was  measured  at  the  &ce  of  the  first  soutii  back 
entry,  150  feet  from  the  main  slope. 

A  composite  sample  was  made  by  mixing  samples  15127,  15128,  and  15129.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  15130. 

A  composite  sample  was  made  by  mixing  samples  15131,  15132,  and  15133.  Tlie 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  15134. 

Section  of  coal  bed  in  North  Side  imae. 


Laboratory  No , 

Roof,  blue  shale. 

Coal 

Clav  and  bone 

cSSk 

Bone 

Coal 

Floor,  clay. 

Thlokness  of  bed 

Thickness  of  coal  sampled . 


•  V  . 


{ 


1514S 

15144 

Ft. 

ill. 

1 

11 

0 

0 

0 

2 

11 

5 

e 

6 

« 

The  above  section  (samples  15143  and  15144)  was  measured  on  the  last  pillar  on 
the  second  west  main  entry,  500  feet  from  the  drift  mouth. 

Notes. — ^At  the  time  of  sampling  the  North  Side  mine  was  almost  worked  out; 
advance  work  being  completed.  It  was  estimated  that  all  the  pillars  would  be  with- 
drawn within  one  and  one-half  years.  Twenty-seven  inches  or  more  of  bottom  coal 
had  been  left  in  the  mine. 

The  South  Side  mine  was  a  new  mine  on  the  opposite  side  of  the  gulch  from  the 
North  Side  mine.  The  coal  was  delivered  to  the  North  Side  tipple  over  a  wooden 
trestle  1,600  feet  long,  with  a  4  per  cent  grade.  At  the  time  of  sampling  all  the  work- 
ings in  the  South  Side  mine  were  narrow.  The  coal  was  cut  in  the  4  to  8-inch  parting 
with  machines  and  the  top  coal  mined  three  cuts  ahead  of  the  bottom  coal.  This 
was  the  first  mine  in  the  district  to  mine  the  bottom  coal  of  the  No.  3  bed;  the  lower 
bench  averages  27  inches  in  thickness.  The  coal  was  broken  down  with  FF  black 
blasting  powder.    Dynamite  was  sometimes  used  for  brushing  the  roof  and  fioor. 

The  screening  equipment  consisted  of  shaking  screens  16  feet  long  and  6  feet  wide, 
in  three  sections:  an  8-foot  section  with  2-inch  openings,  a  4-foot  section  with  4-inch 
openings,  and  a  4-foot  section  with  6-inch  openings;  a  small  shaking  screen  14  feet 
long  and  6  feet  wide,  in  two  sections:  an  8-foot  section  with  l}-inch  openings  and  a 
6-foot  section  with  IJ-inch  openings;  and  a  revolving  screen  12  feet  long  with  |-inch 
openings.  Four  per  cent  of  the  coal  was  shipped  as  run-of-mine.  Sixty-five  per 
cent  of  the  coal  going  to  the  screens  passed  through  the  6-inch  openings.  Pickers 
were  employed  on  picking  tables.  The  lumps  were  large  and  had  a  good  appearance. 
There  were  three  loading  tracks  with  a  capacity  of  25  empty  and  25  loaded  can. 
The  daUy  output  was  300  tons.  There  was  about  600  acres  of  unmined  coal  tributary 
to  the  tipple. 

GHOUTBATT  COTTNTY. 

Bio  Sandy.    Mackton  Mink. 

Sample. — Subbituminous  coal;  Big  Sandy  field;  analyses  Nos.  14613  and  14615 
(p.  54). 

Jr«ne.~Mackton;  NW.  i  SW.  i  sec.  18,  T.  28  N.,  R.  14  £.,  6  miles  northeast  of  Big 
Sandy. 
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Coal  bed. — ^Mackton.  Tertiary  age,  Fort  Union  formation.  Thicknees  about  7) 
feet;  dip  40"*  east. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  C.  F.  Bowen  and 
Harvey  Bassler  on  Augfust  12,  1912,  as  shown  below: 

Seetiont  of  coal  bed  in  Maekton  mine.. 


LabonttKT  Na 

Bo(]<,aan4ut<aie. 

Coia 

Bone........ 

CoaL 

Bone  and  ooaL 

Coal 

Floor,  sand^one. 

TucknesBofbed 

Thiclnnas  of  ooal  sampled 

«  Not  included  in  sample. 

Section  A  (sample  14613)  was  measured  at  the  face  of  the  north  entry  on  the  second 
level,  335  feet  below  the  mouth  of  the  slope  and  140  feet  from  the  mouth  of  the  entry. 

Section  B  (sample  14615)  was  measured  at  the  face  of  the  south  entry  on  the  first 
level,  150  feet  below  the  mouth  of  the  slope  and  250  feet  south  of  the  mouth  of  the 
entiy. 

Sample  14613  represents  perfectly  fresh  coal.  Sample  14615  represents  coal  on 
which  no  mining  had  been  done  for  nearly  a  year  and  was  probably  somewhat  weath- 
ered. 

Not€$. — The  dip  and  thickness  of  the  bed  are  fairly  uniform  in  the  mine.  The  out- 
put was  about  100  tons  a  day  during  the  winter  months  but  was  less  in  the  summer 


For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  128,  595. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  541, 1914.    (In  press.) 

OXTSTB&  COUNTY. 

Tbrrt.  Cambron  Mmx. 

Sample.^-TAffoie;  Terry  field;  analysis  No.  10677  (p.  54). 

Mine. — Cameron,  an  open-pit  mine  in  sec.  24,  T.  12  N.,  R.  50  E.,  about  4  miles  west  of 
Terry,  which  is  the  nearest  station  on  the  Northern  Pacific  Railway  and  the  Chicago, 
Milwaukee  &  St.  Paul  Railway.  The  mine  is  about  one-fourth  of  a  mile  south  of 
the  railroads. 

lAgniU  bed. — ^Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  7  feet  5 
inches.  Roof,  soft  white  sandstone;  floor,  shale.  The  bed  was  measured  and  sampled 
at  one  point  in  the  pit  by  F.  A.  Herald  on  July  15,  1910,  as  described  below: 

Section  of  lignite  bed  in  Cameron  mine. 


LctbontoiyNo 

Roof,  soft  asndstone. 

Lignite 

Puting. 

Lignite 

Lignite 

Floor.  Aale. 

'niitiknen  ofbed 

ThiekneflB  of  ooal  sampled 


10677 

Ft  in. 

aO  8 

aO  8 

as  4 

3  5 

8  1 

3  5 


•  Not  included  in  sample. 
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The  3  foot  4  inch  bench  above  the  part  sampled  was  apparently  as  good  lignite 
as  the  lower  part  of  the  bed,  although  it  was  reported  at  the  mine  that  it  bumfl  quickly 
and  does  not  give  out  as  much  heat  At  the  time  of  sampling  the  mine  was  worked 
as  an  open  pit  and  the  output  was  only  one  or  two  wagon  loads  a  day. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
Bull.  471, 1912,  p.  246. 

Wkstmorb.    Pbospect. 

Sample,— -Jjigmte;  Baker  field;  analysis  No.  10910  (p.  54). 

Mine. — ^Prospect  opening  in  sec.  34,  T.  6  N.,  B.  57  £.,  about  17  miles  south  of  West- 
more,  which  is  the  nearest  railroad  station  on  the  Chicago,  Milwaukee  &  St.  Paul 
lUilway. 

lAgniU  bed, — ^Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  4  feet 
3  indies.  Above  the  lignite  is  2  indies  of  bituminous  shale,  overlain  by  a  top  clay. 
On  account  of  the  excessive  amount  of  water  in  the  opening  the  character  of  the 
floor  could  not  be  determined.  The  bed  was  sampled  by  G.  F.  Bowen  on  September 
13, 1910.    At  the  time  this  sample  was  taken  the  prospect  was  not  being  worked. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  1912,  p.  220. 

DAWSON  COUNTY. 

Glbkdivb.    Prospect. 

Sample. — ^Lignite;  Sidney  field;  analysis  No.  10914  (p.  54). 

lfui€.— Prospect  in  SW.  }  sec.  31,  T.  18  N.,  E.  57  E.,  15  miles  northeast  of  Glendive, 
which  is  the  nearest  station  on  the  Northern  Pacific  Railway. 

lAgmte  bed. — ^B.  Tertiary  age,  Fort  Union  formation.  Thickness,  5  feet.  Boof, 
white  clay;  floor,  grayish  clay.  The  bed  was  sampled  by  Eugene  Stebinger  on  July 
25,  1910.  The  sample  was  taken  on  the  right  wall,  25  feet  from  the  outcrop.  The 
entry  was  caved  and  evidently  had  not  been  worked  for  some  years. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU,  471,  1912,  p.  297. 

GLENDrne.    Sntdeb  Mine. 

Sample. — ^Lignite;  Glendive  field;  analysis  No.  11045  (p.  54). 

Ifituf.—Snyder,  NW  J  sec.  27,  T.  17  N.,  R.  55  E.,  about  6J  miles  north  of  Glendive, 
which  IB  the  nearest  station  on  the  Northern  Pacific  Railway.  The  mine  is  about  6 
miles  from  the  railroad. 

Lignite  bed. — Second  or  middle  bed,  not  named.  Tertiary  age,  Fort  Union  formation. 
Thickness,  about  8  feet.  The  bed  was  sampled  at  one  point  in  the  mine  by  J.  H. 
Hance  on  October  4,  1910.  The  sample  was  taken  at  the  working  face,  about  80 
feet  from  the  mine  mouth. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  130,  610. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  1912,  p.  278. 

FE&aUS  COUNTY. 

HiLQER.    Stone  Mine. 

Sample. — Subbituminous  coal,  Lewistown  field;  analysis  No.  14495  (p.  54). 

Iftne.— Stone;  sec.  8,  T.  19  N.,  R.  19  E.,  about  13  miles  north  of  Hilger. 

Coal  50tf.~Not  named.  Cretaceous  age,  Judith  River  formation.  The  bed  was 
measured  and  sampled  at  one  point  in  the  mine  by  C.  F.  Bowen  and  Harvey  Baasler 
on  July  26, 1912,  as  shown  below: 
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Section  of  coal  bed  in  Stone  mine. 


IUwf.d»to. 
dwl... 


No. 


Claar. 


Cod. 
filnli 
Ooil. 


Cod 

Floor,  not  stated. 

TTilckiMaa  olbcd 

ThlekxMss  of  ooal  sampled. 


144M 

FL  in. 

2     0 


00 
0 

•  0 
0 

•  0 
0 


7 
8 
4 
6 
2 
0 


aO     a 
SO      5 
0      5+ 

6+  0 
4      4 


•  ^oi  inehided  in  sam^ 

The  sample  was  taken  at  the  £ace  of  the  entry,  140  feet  ffom  the  mine  mouth  and 
represents  fresh  coal. 

Notes, — ^At  the  time  of  sampling  the  mine  was  not  a  regular  producer.  The  coal 
waa  used  chiefly  as  fuel  for  traction  engines. 

For  a  description  of  the  geologic  relations  of  this  bed  see  TJ.  8.  Geol.  Survey  Bull. 
541. 

VLATHEAD  OOXTNTY. 

FLA.THBAD  BlYBB.     OUTCROF. 

Sample. — Subbituminous  coal;  Glacier  Park  field;  analysis  No.  12786  (p.  55). 

Location, — Natural  outcrop  in  bank  of  North  Fork  of  Flathead  River,  in  sec.  33, 
T.  34  N.,  R.  20  W. 

Coal  bed, — ^Not  named.  Tertiary  age.  The  bed  was  measured  and  sampled  below 
water  level  by  M.  R.  Campbell  on  October  2, 1911,  as  follows: 

Section  of  ooal  bed  in  wUerop  in  tec.  SS^  T.  34  N-t  R.  tO  W. 


No. 


Coa. 
coa. 
coa. 

Clay. 
Coal. 


TUdaMBB  of  bed 

TUokiMBB  of  ooal  aampiad . 


12786 
Fi.  Hl 

2  t 
•  0     8 

1  0 
•0  2 
aO  10 
«0  8 
00    U 


8     9 
3     6 


M  the  time  the 


•  Not  indnded  in  sample. 

NoUe. — The  coal  represented  by  the  sample  was  weathered, 
sample  waa  taken,  no  coal  had  been  mined  in  this  valley. 

KISSOTTIiA  COUNTY. 
Missoula.    Hell  Gate  Mine. 

Sample, — Subbituminous  coal;  analyses  Nos.  13541  and  13542. 

JfivM.— Hell  Gate,  a  slope  mine  in  sec.  4,  T.  13  N.,  R.  19  W.,  2  miles  north  of 
Missoula. 

Coal  M.^-Unnamed;  in  Tertiary  lake  beds,  probably  the  White  River  formation 
of  Oligocene  age. 
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Sample  13541  was  taken  by  J.  T.  Pardee  on  September  30,  1911,  from  coal  in  tlie 
bunker  at  the  mouth  of  the  mine  and  represented  run-of-mine  coal  from  a  bed 
6  feet  thick  m  the  east  entry. 

Sample  13542,  as  reported,  was  taken  by  H.  L.  Shapard  in  the  east  entry,  300  feet 
from  the  elope,  and  represented  6  feet  10  inches  of  coal. 

Note». — ^At  the  time  the  mine  was  visited  the  coal  was  used  for  local  purposes. 
It  slacks  on  exposure  and  will  not  stand  storage  nor  transportation  to  any  considerable 
distance. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  631,  p.  241. 

inXSSELSHELL  COUNTY. 

Painted  Bock.    Sholz  Mine. 

Sample. — Subbituminous  coal ;  analysis  No.  15114  (p.  55). 

Mine. — Sholz,  a  drift  mine  near  the  Great  Northern  Railway,  NW.  i  sec.  14,  T.  5.  N., 
R.  22  E.,  near  Painted  Bock. 

Coal  bed. — ^Unnamed.  Cretaceous  age;  Judith  River  formation;  lenticular,  maxi- 
mum thickness  44  inches. 

The  bed  was  measured  and  sampled  at  one  place  in  the  mine  by  E.  G.  Woodruff  on 
September  10, 1912. 

The  mine  consisted  of  two  drifts,  a  north  one  110  feet  long,  and  a  south  one  80  feet 
long.  The  sample  was  taken  from  a  working  f&ce  at  the  end  of  the  longer  drift,  and 
represents  2  feet  11  inches  of  coal.  There  was  shale  interlaminated  wiUi  coal  above 
the  part  sampled,  and  sandy  shale  below  it. 

BOSEBTJB  COUNTY. 

Bighorn.    Prospect. 

Sample. — Subbitiuninous  coal;  Tullock  Creek  field;  analysis  No.  14755  (p.  55). 

Xocation.— Prospect  in  the  NW.  i  NE.  i  sec.  2,  T.  4  N.,  B.  35  E.,  on  Unknown 
Creek,  6)  miles  east  of  Bighorn.    No  railroad  connection. 

Coal  bed. — ^Not  named.  Cretaceous  or  Tertiary  age;  Lance  formation.  Character, 
variable  and  lenticular. 

The  bed  was  measured  and  sampled  by  C.  E.  Lesher  and  G.  S.  Bogers  on  September 
18, 1912. 

Section  of  coal  bed  in  prospect^  6\  miles  east  of  Bighorn. 
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Thldknessofbed 
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a  Not  Included  in  sample. 

The  sample  was  taken  10  feet  from  the  surface  at  a  freshly  exposed  face,  but  probably 
represented  coal  from  the  weathered  part  of  the  bed.  No  mining  had  been  dome  at 
this  prospect. 
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TETON  COUNTY. 
Bbownino.    J,  M.  Stone  Prospect. 

Sample. — ^BituminouB  coal;  Blackfoot  field;  analyss  No.  12602  (p.  65). 

Mine.— J.  M.  Stone  prospect,  SE.  i  sec.  35,  T.  36  N.,  R.  12  W.,  on  middle  fork  of 
Milk  River,  22  nuleB  northwest  of  Browning. 

Coal  bed, — ^The  bed  occurs  at  the  top  of  a  coarse  gray  sandstone  formation  of  Upper 
Cretaceous  age.  Roof,  clay-shale  2  feet  thick,  overUin  by  gray  sandstone;  floor,  clay. 
Thickness,  2  feet  8  inches;  dip,  40^  northeast.  The  bed  is  in  a  folded  and  faulted  belt 
of  rocks.  The  coal  is  without  a  parting,  and  has  a  fine  cubic  grain,  a  graphite  black 
color,  and  a  jointed  structure  suggesting  torsion  due  to  folding.  The  bed  was  measured 
and  sampled  at  one  point  in  the  mine  by  Eugene  Stebinger  on  September  10, 1911. 

NUcB, — ^The  sample  was  cut  from  the  face  of  the  entry,  50  feet  in.  The  coal  was 
probably  slightly  weathered .    Mined  only  occasionally  for  domestic  use. 

Cut  Bank.    Allison  Prospect. 

Sample, — ^Bituminous  coal;  analysis  No.  12494  (p.  55). 

Mti^.— Prospect  of  A.  E.  Allison,  NE.  i  sec.  29,  T.  34  N.,  R.  6  W.,  on  Cutbank 
Creek,  5  miles  northwest  of  Cut  Bank. 

Coal  bed.— An  unnamed  coal  bed  occurring  225  feet  above  the  base  of  the  Two  Medi- 
cine formation.  Upper  Cretaceous  age.  Lies  nearly  fiat,  dipping  only  about  40  feet 
per  mile  westward.  Roof  and  floor  are  both  gray  clay,  the  coal  lays  on  a  persistent 
massive  gray  sandstone  bedrock  30  to  50  feet  thick. 

The  coal  is  1  foot  10  inches  thick  and  is  very  dirty,  containing  occasional  streaks  of 
dean  hard  coal.  The  bed  was  measured  and  sampled  by  Eugene  Stebinger  on  July 
24, 1911. 

Notes. — ^The  sample  represents  partly  weathered  coal  from  the  prospect  entry,  under 
25  feet  of  cover.    Attempts  to  sell  this  coal  for  local  use  were  not  successful. 

Cut  Bank.    Pbospeot. 

Sample. — Bituminous  coal;  analysis  No.  14109  (p.  55). 

Mine. — ^Prospect  open  cut;  SW.  }  sec.  26,  T.  33  N.,  R.  6  W.;  on  bank  of  Spring 
Creek,  4  miles  southwest  of  Cut  Bank. 

Coal  bed. — ^An  unnamed  coal  bed  occurring  225  feet  above  the  base  of  the  Two  Medi- 
cine formation,  Upper  Cretaceous  age.  Thickness,  11  inches.  Bed  lies  almost  flat, 
dipping  only  40  feet  to  the  mile  to  the  west.  The  roof  and  floor  are  both  of  gray  clay. 
The  coal  is  dean,  with  well-marked  joint  planes.  The  bed  was  measured  and  sampled 
by  Eugene  Stebinger  on  June  13, 1912. 

The  sample  was  taken  in  a  fresh  open  cut  under  4  feet  of  cover,  and  represents  partly 
weathered  coal. 

Vaueb.    Blair  Mine. 

Sample. — Bituminous  coal;  Valier  field;  analysis  No.  12427  (p.  55). 

Mine.—A.  G.  Blair,  a  drift  mine  in  the  NW.  i  sec.  32,  T.  31  N.,  R.  5  W.,  on  Birch 
Creek,  8  miles  northwest  of  Valier. 

Coal  bed. — ^The  only  workable  bed  occurring  at  the  top  of  the  Eagle  sandstone,  of 
Upper  Cretaceous  age.  The  bed  lies  nearly  flat,  dipping  westward  only  20  to  30  feet  to 
the  mile.  Roof ,  dark  gray  day-shale,  containing  a  few  lenses  of  massive  gray  sandstone 
lying  directly  on  the  coal;  floor,  clay.  The  bed  was  measured  and  sampled  at  one 
place  in  the  mine  by  Eugene  Stebinger  on  July  12, 1911,  as  described  below. 
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Section  of  coal  bed  in  Blair  mine. 


Laboratory  No 

Goal 

Bone 

Coal 

Thicknees  of  bed 

ThlckDMs  of  coal  sampled . 
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a  Not  Included  in  sample. 

Notes. — ^The  aample  was  taken  at  the  face  of  a  new  entry  in  150  feet,  in  freehly  mined 
coal.  The  upper  5  inches  was  hard  coal  with  shiny  black  faces  and  showiog  some 
whitish  dirt.  The  bone  parting  was  perostent  and  r^fular.  The  lower  bench,  1  foot 
10  inches  thick,  was  hard  and  fairly  clean,  with  prominent  joint  planes,  caucing  the 
coal  to  break  in  large  blocks.  At  the  time  of  sampling  the  mine  was  worked  inter- 
mittently, employing  up  to  10  men,  supplying  a  local  trade  in  the  vicinity  of  Valier 
and  competing  successfully  with  coal  from  the  Great  Falls  field  and  Canadian  coal 
horn  Lethbridge,  Alta. 

VAiiLBT  coxnsrrY. 

Antelope.    Richardson  Mine. 

Sample. — Lignite;  Plentywood  field;  analysis  No.  14614  (p.  55). 

ifiiM.— Richardson;  a  drift  mine  in  NW.  i  N£. }  sec.  21,  T.  34  N.,  R.  55  E.,  3  miles 
west  of  Antelope  and  12  miles  southeast  of  Plentywood. 

Lignite  M.*— Designated  as  ''Richardson  bed  "  by  the  United  States  Geological  Sur- 
vey. The  bed  lies  about  800  feet  above  the  base  of  the  Fort  Union  formation  of  Ter- 
tiary age.  Quality  and  thickness  irregular.  Dip,  about  3^  feet  per  thousand  south- 
eastward. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  G.  M.  Bauer,  on 
August  12, 1912,  as  described  below: 

Section  of  liffnite  bed  in  Rithardaon  mine. 


Laboratory  No 

Roof,  carbooaceoos  shale. 

I^lgnlte 

Shale,  bhia 
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Floor  l>rown  shale. 
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ThIfifcTMWB  of  Ugnite  sampled. 
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a  Not  invaded  In  sample. 

The  sample  was  collected  200  feet  north  of  the  opening  on  the  east  side  of  the  entry, 
under  75  feet  of  cover. 

Notee. — ^The  lignite  of  this  mine  is  representative  of  lignite  mined  in  this  part  of 
Mpntana. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed,  see  U.  S.  €reol.  Survey 
Bull.  541. 

Bainvillb.   Red  Bank  Mine. 

Sample. — ^Lignite;  Culberteon  field;  analysis  No.  10898  (p.  55). 

iftn«.— Red  Bank,  an  open-pit  mine  in  sec.  10,  T.  28  N.,  R.  59  E.,  8  miles  northeast 
of  Bainville,  which  is  the  nearest  station  on  the  Great  Northern  RaOway. 

Lignite  bed.—G,  of  the  United  States  Geological  Survey.  Early  Eocene  age,  Fort 
Union  formation.    Thickness,  5  feet  6  inches.    The  lignite  is  mined  by  stripping  the 


MONTANA:  VALLEY   COUNTY.  231 

day  and  soil  from  the  surface.  The  bed  was  sampled  at  one  place  in  the  pit  by  A.  L. 
Beekly  on  September  1,  1910.  The  upper  5  feet  of  the  bed  wba  comparatively  dry; 
the  lower  6  inches  was  wet.  The  sample,  which  represents  the  full  thickness  of  the 
bed,  was  taken  at  the  face. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  8.  Geol.  Survey 
BuU.  471,  1912,  p.  347. 

GULBBRTSON.     BrUEOGBR  MiNE. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  10724.    (p.  56.) 

Mine. — ^Bruegger;  sec.  8,  T.  28  N.,  R.  56  E.;  3  miles  north  of  Culbertson,  on  the 
Great  Northern  Railway. 

lAgnite  bed. — E  bed  of  the  United  States  Geological  Survey.  Tertiary  age,  Fort 
Union  formation.    Thickness,  7  feet.    Roof,  a  gray  clay  shale;  floor,  blue  clay. 

The  lignite  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly 
on  July  26,  1910.  The  sample  was  taken  about  75  feet  north  of  the  mine  opening 
and  represents  7  feet  of  lignite,  the  thickness  of  the  bed.  The  lower  2^  feet  was 
hard  lignite,  the  next  2)  feet  was  somewhat  slacked  and  broken,  and  the  upper  2  feet 
was  hard  lignite.    The  roof  was  a  shaly  clay,  and  the  floor  blue  clay. 

Notes. — In  1910  the  mine  was  worked  only  in  the  winter  and  the  output  wba  small. 

For  analyses  and  descriptions  of  other  samples  of  lignite  from  this  mine,  see  Bull. 
22,  Bureau  of  Mines,  1913,  pp.  135,  630. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  1912.  p.  345. 

Culbertson.    Butterfibld  Mine. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  10727  (p.  56). 

Mine. — ^Butterfield,  in  sec.  3,  T.  27  N.,  R.  56  E.,  3}  miles  southeast  of  Culbertson, 
which  is  the  nearest  station  on  the-Great  Northern  Railway. 

Lignite  bed. — DD  bed  of  the  United  States  Geological  Survey.  Tertiary  age.  Fort 
Union  formation.    Thickness,  6  feet.    Roof,  sandy  shale;  floor,  clay. 

The  bed  was  sampled  by  A.  L.  Beekly  on  July  18,  1910.  The  sample  was  taken 
about  150  feet  from  the  mouth  of  the  entry,  the  upper  18  inches  being  left  to  support 
the  roof,  and  represents  only  the  lower  4}  feet  of  the  bed. 

Notes. — ^The  lignite  is  hard  and  of  fair  quality.  The  woody  structure  is  so  evident 
that  it  is  often  difficult  to  determine  whether  it  is  '^wood''  or  coal.  The  lignite  is 
tough  and  elastic  and  requires  a  strong  blasting  powder.  At  the  time  of  sampling  the 
mine  was  small  and  produced  only  5  or  6  wagon  loads  a  day  during  the  winter  season. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  1912,  p.  340. 

Culbertson.    Demfsey  Mine. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  10725  (p.  56). 

Mine. — Dempeey,  in  sec.  34,  T.  28  N.,  R.  56  E.,  3  miles  southeast  of  Culbertson, 
which  is  the  nearest  station  on  the  Great  Northern  Railway. 

Lignite  bed. — E  bed  of  the  United  States  Geological  Survey.  Tertiary  age,  Fort 
Union  formation.  Thickness.  6  feet  6  inches.  Roof,  sandy  clay;  floor,  shaly  clay. 
The  lignite  is  free  from  partings  and  consists  of  alternating  hard  and  soft  layers;  port 
of  the  bed  is  brown. 

The  bed  was  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  July  21,  1910. 

Sample  10725  was  taken  at  the  face,  about  60  feet  northeast  of  the  mouth. 

Notes. — ^The  mine  was  not  being  worked  at  the  time  the  sample  was  taken. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Sur- 
vey BuU.  471, 1912,  p.  345. 

47664**— Bull.  85—14 ^16 


232  ANALYSES  OF   COAL. 

CULBERTSON.      PbOSFECT. 

/Samp2e.— Lignite;  Culbertson  field;  analysis  No.  10726  (p.  56). 

jf^n^.— Prospect,  in  sec.  34,  T.  28  N.,  R.  56  E.,  3  miles  southeast  of  Culbertson,  on  the 
Northern  Pacific  Railway. 

Lignite  bed, — ^F  bed  of  the  United  States  Geological  Survey.  Tertiary  age,  Fort 
Union  formation.  Thickness,  7  feet.  Roof,  sandy  shale;  floor,  blue  clay.  The 
lignite  is  soft  brown. 

The  bed  was  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  July  21,  1910. 
The  sample  was  taken  in  the  entry,  about  50  feet  from  the  mouth  of  the  entry,  and  rep- 
resents 7  feet  of  lignite,  the  thickness  of  the  bed. 

Notes. — ^This  prospect  is  about  one-half  mile  from  the  Peck  mine.  It  was  not  being 
worked  at  the  time  the  sample  was  taken. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Creol.  Survey 
Bull.  471,  1912,  p.  345. 

Froid.    Astropb  Mine. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  11005  (p.  56). 

Mine. — ^The  Astrope,  a  local  mine  in  sec.  15,  T.  29  N.,  R.  55  £.,  5}  miles  southwest 
of  Froid,  which  is  the  nearest  station  on  the  Bainville  and  Plentywood  branch  of  the 
Great  Northern  Railway. 

Lignite  bed. — F  of  the  United  States  Geological  Survey,  early  Eocene  age.  Fort  Union 
formation.  Thickness,  6  feet.  The  upper  1  foot  is  soft,  dirty  lignite.  The  bed  was 
sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  September  14, 1910.  The  sample 
was  taken  in  the  mine  115  feet  north  of  the  mine  mouth,  and  represents  the  lower  5  feet 
of  the  bed.  ' 

Notes, — ^At  the  time  of  sampling  the  output  was  1  to  3  tons  a  day . 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
BuU.  471,  1912,  p.  348. 

Froid.    Prospect. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  11004  (p.  66). 

Locaiicm. — A  well  in  sec.  11,  T.  29  N.,  R.  55  E.,  3i  miles  southwest  of  Proid,  which 
is  the  nearest  station  on  the  Bainville  and  Plentywood  branch  of  the  Great  Northern 
Railway. 

Lignite  bed. — Fof  the  United  States  Geological  Survey,  early  Eocene  age.  Fort  Union 
formation.  Thickness,  7  feet,  10  inches.  Roof,  clay;  floor,  clay.  There  were  no 
partings  in  the  coal. 

The  bed  was  sampled  in  the  well  by  A.  L.  Beekly  on  September  14,  1910.  The 
well,  which  was  6  feet  in  diameter,  penetrated  the  bed  at  a  depth  of  30  feet  below 
the  surface. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 

Bull.  471,  1912,  p.  348. 

Medicine  Lake.    Beloon  Mine. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  10899  (p.  56). 

Mine. — Belgon,  an  open-pit  mine  in  sec.  4,  T.  31 N.,  R.  59  E.,  15  miles  east  of  Medi- 
cine Lake,  which  is  the  nearest  station  on  the  Bainville  and  Plentywood  branch  of  the 
Great  Northern  Railway. 

Lignite  bed. — No  name.  Early  Eocene  age,  Fort  Union  formation.  Thickness, 
10  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  pit  by  A.  L.  Beekly  on 
September  6,  1910. 

The  sample  was  taken  from  the  fresh  working  face  where  the  bed  was  10  feet  thick, 
and  represents  7  feet  6  inches  of  hard,  tough  lignite,  with  a  woody  grain.    There  was  1 
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foot  6  inches  of  aoft,  browniah-black  lignite  above  the  part  sampled  and  1  foot  of  wet, 
muddy  lignite  below  it.    The  roof  was  shale. 

For  a  description  of  the  geologic  relations  of  the  lignite  bed  see  U.  S.  Geol.  Survey 
BuU.  471,  1912,  p.  350. 

Medicine  Lake.    Coal  Ridqe  Mine. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  11002  (p.  56). 

Mine, — Coal  Ridge,  a  drift  mine  in  sec.  8,  T.  34  N.,  R.  58  £.,  about  22  miles  northeast 
of  Medicine  Lake,  which  is  the  nearest  station  on  the  Bainville  and  Plent3rwood  branch 
of  the  Great  Northern  Railway. 

Lignite  bed, — Known  as  the  Coal  Ridge,  early  Eocene  age.  Fort  Union  formation. 
Thickness,  10  to  16  feet.    The  bed  becomes  thinner  toward  the  west. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  A.  L.  Beckly  on 
September  23,  1910. 

The  sample  was  taken  at  the  face  of  the  entry,  about  400  feet  from  the  mine  mouth, 
where  the  bed  was  10  feet  thick.  The  sample  represents  6  feet  6  inches  of  lignite. 
The  upper  2  feet  are  left  for  roof,  and  the  lower  1  foot  6  inches  for  floor. 

Notes, — ^The  outcrop  lignite  was  badly  slacked  and  contained  thin  streaks  of  shale. 
The  lignite  at  the  outcrop  was  14  feet  thick. 

At  the  time  of  sampling  the  mine  was  small,  producing  only  about  3  tons  a  day. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
BuU.  471,  1912,  p.  352. 

Medicine  Lake.    Jones  Mine. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  11006  (p.  56). 

Mine, — Jones,  in  sec.  30,  T.  33  N.,  R.  56  E.,  6  miles  northeast  of  Medicine  Lake, 
which  is  the  nearest  station  on  the  Bainville  and  Plentywood  branch  of  the  Great 
Northern  Railway. 

Lignite  bed. — Locally  known  as  Jones.  Early  Eocene  age,  Fort  Union  formation. 
Thickness,  about  7  feet.  Above  the  coal  is  a  sandy  clay;  in  mining,  1  foot  6  inches  of 
coal  is  left  for  roof. 

The  bed  was  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  September  19, 1910. 
The  sample  was  taken  250  feet  south  of  the  entry  mouth  and  represents  5  feet  6 
inches  of  lignite.    At  the  time  of  sampling  the  output  was  3  to  5  tons  a  day. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  1912,  p.  351. 

Medicine  Lake.    Ted  Young  Mine. 

Sample, — Lignite;  Culbertson  field;  analyaiB  No.  11003  (p.  56). 

MinB. — ^Ted  Young,  a  drift  mine  in  sec.  6,  T.  31  N.,  R.  56  E.,  2i  miles  southeast  of 
Medicine  Lake,  which  is  the  nearest  station  on  the  Bainville  and  Plentywood  branch 
of  the  Great  Northern  Railway. 

Lignite  bed. — Locally  known  as  Young.  Early  Eocene  age.  Fort  Union  formation. 
Thickness,  3  feet  6  inches.  The  bed  was  measured  and  sampled  at  one  point  in  the 
mine  by  A.  L.  Beekly  on  September  17,  1910.  The  sample  was  taken  about  300  feet 
southeast  of  the  entry  mouth  and  represents  3  feet  6  inches,  the  thickness  of  the  bed, 
of  hard,  black,  clean  lignite. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
BuU.  471,  1912,  p.  349. 

MoNDAK.    Open  Prr  Mine. 

Sample. — ^Lignite;  Culbertson  field;  analysis  No.  10900  (p.  57). 
Mine. — Open  pit  in  sec.  19,  T.  27  N.,  R.  59  E.,  7  miles  northwest  of  Mondak,  on  the 
Great  Northern  Railway,  and  1}  miles  from  the  railway. 
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Lignite  bed. — G  of  the  United  States  Geological  Survey.  Early  Eocene  age,  F<»t 
Union  formation.  Thickness,  4  feet  6  inches.  The  lignite  is  brownish  black.  The 
clay  overburden,  10  feet  thick,  is  removed  in  mining. 

The  bed  wbs  sampled  at  one  place  in  the  pit  by  A.  L.  Beekly  on  August  23, 1910. 
The  upper  2  feet  of  the  coal  is  more  or  less  weathered  and  soft,  and  the  sample  does  not 
include  this  part  of  the  bed. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  GeoL  Sur- 
vey BuU.  471,  1912,  p.  342. 

Plentywood.    Pierce  Mine. 

Sample. — Lignite;  Plentywood  field;  analysis  No.  14670  (p.  67). 

Mine, — Pierce;  in  SE.  i  sec.  10,  T,  35  N.,  R.  55E.,  2J  miles  northeast  of  Plentjrwood. 

Lignite  bed, — Designate  as  *  'Richardson  bed ''  by  the  United  States  Geological  Sur- 
vey. The  bed  lies  about  800  feet  above  the  base  of  the  Fort  Union  formation  of 
Tertiary  age.  At  the  point  of  sampling  it  is  overlain  by  about  30  feet  of  Fort  Union 
cover  and  30  feet  of  glacial  drift.  Quality  and  thickness,  irregular.  Dip,  about  3  feet 
per  thousand  southeastward. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  0.  M.  Bauer  on 
August  20,  1912,  as  described  below: 

Section  of  lignite  bed  in  Pierce  mine. 


Laboratory  No 

Roof,  carbonaoeous  tdiale. 

Liffoite 

Shale 

Lignite 

Shale 

Lignite,  containing  gypaam . 

Clay 

LJ^te 

Floor  shale. 

Thickness  of  bed 

Thickness  of  lignite  sampled. 


14670 

FLhu 

0  3 

aO  8 

0  6 

aO  3 

2  0 
aO  7 

3  9 

8  0 

6  6 


o  Excluded  from  sample. 


The  above  section  (sample  14670)  was  measured  in  the  mine,  260  feet  northwest  of 
the  opening. 

Notes, — For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  GeoL 
Survey  Bull.  641. 

NEVADA. 

ESMBBAIJ>A  COUNTY. 

COALDALE.      DaRMS  BflNE. 

Sample. — ^Bituminous  coal;  Coaldale  field;  analysis  No.  13978  (p.  57). 

Mine, — Darms,  a  slope  mine  in  NE.  }  sec.  33,  T.  2  N.,  R.  37  E.;  ^  miles  southeast 
of  Coaldale,  on  the  Tonopah  &  Goldfield  Railroad. 

Coal  bed, — G.  Tertiary  (Eocene  or  Miocene)  age.  Thickness,  variable.  Dip  vari- 
able, being  60^  NE.  at  the  outcrop,  77^  at  245  feet  down  the  slope,  and  10"*  at  280  feet. 
Strike,  N,  53**  W. 

The  bed  was  measured  and  sampled  by  J.  H.  Hance  on  March  7,  1912.  Sample 
13978  was  taken  in  a  drift  off  the  slope,  300  feet  from  the  mouth  of  the  slop^  and  20 
feet  from  the  slope.  The  sample  represents  7  feet  of  impure  coal,  the  thickness  of  the 
bed. 
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For  ft  deflcription  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  531,  1913,  p.  321. 

CoALDALB.    Nevada  Mine. 

Sample, — ^Bituminoua  coal;  Coaldale  field;  analyses  Nos.  13979,  13980,  and  14409 
(p.  57). 

Jtftn€.— Nevada,  ft  slope  mine  in  S.  i  of  SE.  i  sec.  29,  T.  2  N.,  R.  37  E.,  Similes  south- 
east of  Coaldale,  on  the  Tonopah  A  Goldfield  Railroad. 

Coal  bed. — C.  Tertiary  (Eocene  or  Miocene)  age;  dip  variable.  The  bed  is  cut  off 
to  the  south  by  a  &ult. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  H.  Hance  on 
March  8, 1912. 

Notes. — Sample  13979  was  taken  at  a  point  in  the  slope  150  feet  from  the  mouth  and 
represents  9  feet  of  impure  coal,  the  entire  thickness  of  the  bed.    Sample  dry. 

Sample  13980  was  taken  at  a  place  in  the  mine  100  feet  from  the  mouth  and  repre- 
sents 8  feet  of  impure  coal,  the  entire  thickness  of  the  bed. 

Sample  14409  was  taken  from  a  block  of  coal  representing  a  bench  12  inches  thick 
in  the  mine.  This  block  was  sent  by  freight  to  Washington  and  the  sample  was  cut 
by  M.  R.  Campbell  on  July  17,  1912.  The  sample  is  supposed  to  represent  the  best 
coal  in  the  bed. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  531, 1913,  p.  320. 

NEW  MEXICO. 

BEBNALUXO  COUNTY. 

Albuqubbqub.    Holmes  Mine. 

Sample. — Bituminous  coal;  Tijeras  field;  analysis  No.  12650  (p.  57). 

l^tn^.— Hohnes;  a  prospect  drift  entry  in  SW.  i  sec.  6,  T.  10  N.,  R.  6  £.,  about  25 
mUes  east  of  Albuquerque. 

Coal  bed. — ^Not  named .  Cretaceous  age ;  Mesaverde  formation.  Thickness,  6  inches 
to  2  feet  3  inches.  There  is  shale  above  and  below  the  coal.  The  coal  is  impure  and 
badly  crushed. 

The  bed  was  measured  and  sampled  by  W.  T.  Lee  on  July  17,  1911. 

The  sample  was  taken  300  feet  from  the  mouth  of  the  entry  from  a  fresh  face  where 
the  coal  was  2  feet  3  inches  thick.  The  same  bed  in  other  parts  of  the  entry  was  only 
6  inches  thick.    The  di£ferences  were  probably  due  to  crushing. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  471, 1912,  p.  576. 

COLFAX  coxnsrrY. 

Dawson.    Dawson  No.  2  Mine. 

Sample. — ^Bituminous  (coking)  coal;  Raton  field;  analyses  Nos.  12233,  12234,  and 
12235  (p.  57). 

Mine. — Dawson  No.  2,  a  drift  mine  in  the  Dawson  district.  The  Dawson  mines  are 
in  sees.  1,  2, 11,  and  12,  T.  29  N.,  and  sees.  35  and  36,  T.  28  N.,  R.  20  £.,  at  Dawson, 
on  the  £1  Paso  A  Southwestern  Railroad. 

Coal  bed. — ^" Raton."  Cretaceous  age,  Vermejo  formation.  Average  thickness,  6 
feet;  dip,  1^  northwest;  cleat,  east  and  west.  Roof,  sandstone;  floor,  usually  smooth 
clay  and  shale.    Cover  at  points  of  sampling,  250  feet. 
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The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
May  17,  1911,  as  described  below: 

Sections  of  coal  bed  in  Dawson  No.  2  mine. 


Section 

Laboratorv  No 

Roof,  sandstane. 

Coal,  bony 

Coal 

Coal,  bony 

Coal 

Cool,  bony 

Coal 

Coal,  bony 

Floor,  bony  coal  and  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

12233     1 

Ft. 

m. 

•  I 

6 

2 

4 

0 

2 

1 

2 

0 
2 

4 

ol 

6 

9 

6 

6 

6 

B 
12234 
ru  in. 


0 
0 

7 


0 
5 

4 


8      3 
8      3 


a  Not  included  in  sample. 

Section  A  (sample  12233)  was  measured  at  the  face  of  the  fifth  north,  6,700  feet  north- 
east of  the  '^high  line''  entrance  and  represents  a  full  face  sample. 

Section  B  (sample  12234)  was  measured  at  the  face  of  the  thirteenth  east,  6,500  feet 
from  the  "high  line"  entrance. 

Notes. — ^There  are  5  mines  at  Dawson.  At  the  time  of  sampling  the  mines  had  the 
following  capacities:  No.  1,  1,500  tons  a  day;  No.  2,  2,000;  No.  4,  1,400;  and  No.  5, 
2,000  tons.  The  room-and-pillar  method  of  mining  is  employed.  The  coal  was  shot 
down  with  "forty  per  cent''  dynamite.  None  of  the  coal  was  shipped  as  run-of- 
mine.  About  2,000  tons  a  day  was  sent  to  the  screens  and  about  40  per  cent  passed 
through  a  shaking  screen  with  2-inch  and  4-inch  openings;  pickers  were  employed. 
The  screenings  were  coked;  the  coke  ovens  had  a  daily  capacity  of  1,600  tons.  There 
were  5  loading  tracks  with  a  capacity  of  200  empty  and  200  loaded  cars. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  137,  640. 

Gabdiner.    Gardiner  No.  1  Mine. 

Sample. — Bituminous  coal;  Raton  field;  analysis  No.  14795  (p.  57). 

Mine. — Gardiner  No.  1,  a  (new)  drift  mine  in  the  Blossburg  district,  at  Gardiner, 
one-half  mile  southeast  of  Blossburg. 

Coal  bed. — Raton.  Cretaceous  age,  Vermejo  formation.  The  bed  is  regular  in 
thickness,  but  its  value  is  diminished  in  some  places  by  crushing  and  other  movements 
of  the  inclosing  rocks.    Roof,  shale;  floor,  shale. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  W.  T.  Lee  on 
September  27,  1912,  as  described  below: 

Section  of  coal  bed  in  Gardiner  No.  1  mine. 


Laboratory  No 

Roof,  shale. 

Coal,  bony 

Coal 

Floor,  shale. 

Thiclcness  of  bed 

Thickness  of  coal  sampled 


14795 
FL  in. 
«0     7 

5  5 

6  0 

5      5 


a  Not  included  in  sample. 


Notes. — ^The  sample  was  collected  from  a  fresh  face  in  room  6  off  first  west  entry  off 
the  main  entry,  400  feet  from  the  outcrop.  At  the  time  of  sampling  the  mine  was 
doing  development  work  and  was  shipping  only  100  tons  a  day. 
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KOBHLER.      KOBHLER  No.  1  MiNB. 

Sample.— Bitammoua  (coking)  coal;  Raton  field;  analyses  Nob.  12335, 12336,  12337, 
and  14796  (p.  58). 

Mine. — Koehler  No.  1,  a  drift  mine  in  the  Koehler  district,  T.  29  N.,  R.  22  E.,  at 
Koehler,  on  the  St.  Loius,  Rocky  Mountain  &  Pacific  Railway. 

Coal  bed. — Raton.  Cretaceous  age,  Vennejo  formation.  Average  thickness,  9  feet, 
regular;  dip  1^  west.  The  roof  is  shale,  bony  coal,  or  sandstone,  according  to  the 
locality.  In  most  places  where  conglomeratic  sandstone  rests  on  the  coal  the  bed 
has  been  partly  eroded  and  is  too  thin  to  be  mined.  Floor,  shale;  cover,  450  to  500 
feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  G.  Roberts 
on  May  28,  1911,  and  at  one  point  by  W.  T.  Lee  on  September  27,  1912,  as  described 
below: 

Sections  of  coal  bed  in  Koehler  No.  1  mine. 


Section 

Laboratory  No 

Roof.  dude. 

Coal,  bony 

Coal. 

Coal  (poor) 

Floor.  8hale. 

Tmcknen  of  bed 

ThickneflB  of  coal  sampled 


A 

B 

C 

12335 

12336 

12337 

Ft.   in. 

Ft.   in. 

Ft.    in. 

a30 

a20 

•  •         *  • 

60 

6^ 

59 

alO 

•  •          ■  « 

•  ■         •  « 

90 

82 

59 

00 

02 

5  9 

D 
14796 
Ft.    <fl. 
a30 
68 


88 
6  8* 


a  Not  included  in  sample. 

Section  A  (sample  12335)  was  measured  as  the  face  of  room  20,  off  seventh  east  entry, 
4,500  feet  southeast  of  the  mouth  of  the  main  entry. 

Section  B  (sample  12336)  was  measured  at  the  face  of  eighth  west  entry,  4,300  feet 
southeast  of  the  mouth  of  the  main  entry. 

Section  C  (sample  12337)  was  measured  in  room  20,  o£f  seventh  east  entry,  4,200  feet 
southeast  of  the  mouth  of  the  main  entry. 

Section  D  (sample  14796)  was  measured  at  the  face  of  ninth  west  entry,  4,900  feet 
southwest  of  the  main  opening  in  Prairie  Crow  Canyon. 

Notes. — ^There  are  three  mines  at  Koehler.  The  room-and-pillar  method  of  mining 
is  employed.  At  the  time  of  sampling  the  mines  had  the  following  capacity:  No. 
1, 1,000  tons  a  day;  No.  2,  1,400  tons;  and  No.  3, 400  tons.  From  300  to  350  men  were 
employed.  There  was  enough  coal  to  maintain  the  above  output  for  many  years. 
Ten  per  cent  of  the  coal  was  shipped  as  run-of-mine.  The  washer  had  a  capacity 
of  1,200  tons  a  day,  the  coke  ovens  700  tons,  and  the  storage  bins  800  tons.  There 
were  four  loading  tracks  with  a  capacity  of  60  empty  and  80  loaded  cars. 

SuoARrrE.    SuoARrrE  No.  1  and  No.  2  Mines. 


Sample. — Bituminous  coal;  Raton  field;  analyses  Nos.  14791  and  14792  (p.  58). 

Jlfni^f.— Sugarite  No.  1  in  N£.  \  NE.  \  sec.  9,  T.  31  N.,  K  24  E.;  and  Sugarite 
No.  2  in  NE.  \  SW.  J  sec.  3,  T.  31  N.,  R.  24  E.  (private  survey);  drift  mines  at 
Sugarite. 

Coal  bed. — Sugarite.  Cretaceous  or  Tertiary  age,  Raton  formation.  Roof,  shale, 
with  thin  seams  of  coal;  floor,  shale. 

The  bed  was  measured  and  sampled  at  one  point  in  No.  1  mine  by  W.  T.  Lee  on 
September  27, 1912,  as  described  below. 
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Section  of  eoal  bed  in  Sugarite  No,  1  mine. 


LatxmtoryNo !    H791 

Roof,  shale,  with  thin  seams  of  coal.  Ft.    im. 

Coal •0    4 


Shale. 
Coal.. 


Floor,  shale. 

ThioknesBofhed 

Thickness  of  ooal  sampled . 


«0    U 
6    1 

£     1 


a  Not  iadaded  in  sample. 

The  above  section  (sample  14791)  was  measured  in  the  entry,  1,500  feet  southwest 
of  the  mine  mouth. 

The  bed  was  measured  and  sampled  at  one  point  in  No.  2  mine  by  W.  T.  Lee  on 
September  27,  1912,  as  described  below: 

Section  of  coal  bed  in  Sugarite  No,  2  mine. 


LaboratoTTNo 

Shale,  with  thin  seams  of  ooaL 

Coal 

,       Shale 

i       Coal 

Bone T. 

Coal 

Shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


f 


U7tt 

FL 

im. 

aO 

6 

oO 

2 

3 

6 

aO 

2 

1 

4 

5 

7 

4 

9 

a  Not  Included  In  sample. 

The  above  section  (sample  14792)  was  measured  in  the  entry,  1,200  feet  northeast 
of  the  mine  mouth. 

Noiee. — At  the  time  the  samples  were  taken  the  mines  were  new,  and  all  the  coal 
produced  was  from  the  main  entries. 

Yankee.    Yankee  No.  3  Mine. 

Sample, — Bitiiminous  (noncoking)  coal;  Raton  field;  analyses  Nos.  13365,  13366, 
and  13367  (p.  58). 

Mine. — Yankee  No.  3,  a  slope  mine  at  Yankee,  on  the  Santa  Fe,  Raton  &  Eastern 
Railroad  with  connections  to  the  Atchison,  Topeka  &  Santa  Fe  Railway  and  the  St. 
Louis,  Rocky  Mountain  &  Pacific  Railway. 

Coal  bed, — ^Yankee.  Cretaceous  or  Tertiary  age,  Raton  formation.  Average  thick- 
ness, 5  feet  6  inches;  dip,  4  per  cent  northwest;  cleat,  east  and  west.  The  roof  is  a 
soft  black  shale  which  is  treacherous;  above  the  shale  is  a  sandstone  cap  rock. 
Floor,  soft  smooth  fire  clay.  Particles  of  the  roof  did  not  become  mixed  with  the  coal 
in  mining  but  particles  of  the  floor  did.    Cover  at  points  of  sampling,  250  to  300  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
February  8,  1912,  as  described  below: 

Sections  of  coal  bed  in  Yankee  No.  S  mine,  near  Yankee. 


Section- 

Laboratory  No 

Roof,  shale. 

Coal. 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Floor,  shale. 

Thickness  o  f  bed 

Thickness  of  ooal  sampled. 


A 

B 

13365 

13366 

F1.    in. 

Ft. 

Hi. 

0     5 

0 

aO      11 

aO 

1      0 

1 

aO      1 

«0 

l\ 

0      7 

0 

al      0 

ol 

2      7 

2 

6     H 

6 

3| 

4      7 

4 

7 

Not  included  in  sample. 
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Section  A  (sample  13365)  was  measured  at  the  £ace  of  room  2,  off  tenth  west  entry  10. 

Section  B  (sample  13366)  was  measured  at  the  face  of  fifth  south  entry. 

A  composite  sample  was  made  by  mixing  face  samples  13365  and  13366.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  13367. 

Notes. — ^At  the  time  of  sampling,  the  coal  was  undercut  by  hand;  the  cuttings  were 
not  loaded  with  the  coal.  Permissible  explosives  were  used  for  breaking  down  the 
coal  and  for  brushing  the  roof  and  floor.  All  the  output  was  shipped  as  run-of-mine. 
The  tipple  was  equipped  with  a  bar  screen  16  feet  long  and  3  feet  wide  with  3-inch 
openings  between  the  bars;  a  shaking  screen  10  feet  long  by  8  feet  wide,  with 
f-inch,  2-inch,  and  3-inch  holes;  and  a  revolving  screen  16  feet  long  with  f-inch 
openings.  Pickers  were  employed  at  the  conveyor  belt  and  on  the  car.  The  lumps 
were  medium  laige  and  of  good  appearance.  There  were  four  loading  tracks  with  a 
capacity  of  35  empty  and  35  loaded  cars.  The  daily  output  of  the  mine  was  200  tons; 
the  intent  was  to  increase  it  to  2,500  tons.    The  mine  had  a  probable  life  of  10  years. 

For  tjxalyeJiA  and  description  of  another  sample  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  139,  645. 

LINCOLN  COUNTY. 

White  Oaks.    Old  Abe  Mine. 

Sample. — Bituminous  coal;  White  Oaks  field;  analysis  No.  15053  (p.  59). 

Mine.— Old  Abe,  a  slope  mine  in  NW.  i  sec.  5,  T.  7  S.,  R.  13  £.,  2)  miles  Bouth- 
east  of  White  Oaks. 

Coal  bed. — Old  Abe.  Post-Laramie  (?)  age.  Thickness,  variable;  dip,  20®  west. 
The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  C.  H.  Wegemann  on 
November  3,  1912,  as  described  below: 

Section  of  coal  bed  in  Old  Abe  mine. 


Labontanr  No 

Roof,  nncLBtQiie. 

Coal 

B0116.. 

Coal 

Bone 

Coal 

Bone 

Coal 

Co^,i)oor 

Coal 

Floor,  abale. 

TuekneflBofbed 

TbloknesB  of  ooal  sampled, 


160S3 
Ft.  in. 
0     2 
0      1 

0  10} 

0  I 

0  4 

0  1 

1  4 


4 
4 


The  above  section  was  measured  in  the  main  slope,  300  feet  from  the  slope  mouth. 
At  the  time  of  sampling  a  slope  had  been  run  on  the  dip  of  the  bed  (20®  west)  and  side 
entries  driven  from  it,  the  rooms  being  driven  up  the  rise  from  the  entries. 

For  analyses  and  descriptions  of  another  sample  of  coal  from  this  mine,  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  139,  646. 

Whttb  Oaks.    Wild  Cat  Mine. 

Sample. — Bituminous  coal:  White  Oaks  field;  analysis  No.  15054  (p.  59). 

iftn^.— Wild  Cat,  aslope  mine  in  SW.  i  sec.  32,  T.  6  S.,  R.  13  E.,  2  miles  southeast 
of  White  Oaks. 

Coal  bed. — ^Not  named.    Post-Laramie  (?)  age.    Thickness,  variable;  dip,  25°  west.' 
The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  C.  H.  Wegemann, 
on  November  3, 1912,  as  shown  below: 
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Section  of  bed  in  WUd  Cat  mine. 


LaboratarvNo... 

Roof,  black  shfiJe. 

Bone ;.... 


15054 

Ft. 

in. 

0 

II 

0 

11 

0 

11 

0 

1 

1 

2 

1 

1 

94 

Coal 

Bone 

CJoal 

Coal,  bony 

Floor,  black  shale.  , 

TbickQesBofbed I       2 

Thickness  Of  coal  sampled 

a  Not  included  in  sample. 

The  above  section  (sample  15054)  was  measure<l  near  the  foot  of  the  main  elope. 
At  the  time  of  sampling  a  slope  about  240  feet  in  length  had  been  run  on  the  dip  of  the 
bed  (25^  west)  and  entries  driven  from  it,  the  rooms  being  driven  up  the  rise. 

M'KINIiEY  COTJNTY. 
Blackrock.    Zuni  Indian  School  Mine. 

Sample. — Subbituminous  coal;  Durango-Gallup  field;  analysis  No.  15032  (p.  59). 

Mine. — ^Zuni  Indian  School,  a  drift  mine  in  sec.  6,  T.  11  N.,  R.  17  W.,  10  miles 
northeast  of  Blackrock. 

Coal  bed. — Not  named.  Cretaceous  age,  in  the  Benton  group,  below  the  Mesaverde 
formation.  The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  D.  £. 
Winchester,  on  October  11,  1912,  as  described  below: 

Section  of  coal  bed  in  Zuni  Indian  School  mine. 


Laboratory  No 

Roof,  shale. 

Bone 

Coal 

Bone 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


15032 

Fl. 

in. 

oO 

2 

1 

10 

«0 

2 

1 

0 

3 

2 

2 

10 

a  Not  Included  in  sample. 
Note. — ^The  sample  was  taken  in  room  2,  west  of  the  main  entry. 

SANTA  FB  COTJNTY. 
Madrid.  -  Anthbacite  No.  4  Mine. 

Sample. — ^Anthracite  coal;  Cerrillos  field;  analysis  No.  14886  (p.  59). 

Mine. — Anthracite  No.  4,  a  slope  mine  at  Madrid,  on  the  Ortiz  land  grant. 

Coal  bed. — ^White  Ash .  Cretaceous  age ;  Mesaverde  formation.  Thickness,  relative! y 
uniform;  dip,  about  15**  east.  The  roof  is  shale  in  most  places,  in  some  places  it  is 
formed  by  an  overlying  sill  of  intrusive  rock,  which  has  locally  metamorphosed  the 
coal.    The  floor  is  shale. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  W.  T.  Lee  on 
October  10,  1912. 

The  sample  was  collected  from  a  working  iace  1,500  feet  southeast  of  the  mouth  of 
the  main  entry,  at  a  point  where  the  coal  was  2  feet  9  inches  thick. 

Note. — ^The  output  at  the  time  the  sample  was  taken  was  150  tons  a  day.  The  coal 
was  used  mainly  for  domestic  purposes. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geological 
Survey  Bull.  531,  1913,  p.  286. 
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Madrid.    Blacksmith  Mine. 

Sample. — Bituminous  coal;  CerriUoB  field;  analysifl  No.  14884  (p.  59). 
Mine. — Blacksmith,  a  drift  mine  at  Madrid,  on  the  Ortiz  land  grant. 
Coal  bed. — Peacock  (?).    Cretaceous  age;  Mesaverde  formation. 
The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  W.  T.  Lee  on 
October  10,  1912,  as  described  below: 

Section  of  coal  bed  in  Blacksmith  mine. 


Labotatory  No 

Roof,  shale. 

Coal 

Shale 

Coal 

Shale 

Coal 

Floor,  shale. 

ThJckiiess  of  bed 

ThJdmflBs  of  ooal  sampled . 


14884 

Ft.   in. 

aO  6 

a2  2 

0  9 
aO  3 

1  7 

5  3 

2  4 


a  Not  included  in  sample. 

Notes. — ^The  sample  was  collected  from  a  fresh  fcice  in  the  mine,  300  feet  from  the 
mouth  of  the  mine.  The  coal  at  this  point,  as  in  general  throughout  the  mine,  is 
crushed  by  movements  of  the  containing  rocks. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geological  Survey 
BuU.  631,  1913,  p.  297. 

Madrid.    Holen  Mine. 

Sample. — ^Bituminous  coal;  Cerrillos  field;  analysis  No.  14885  (p.  59). 

Mine. — ^Holen,  a  slope  mine  at  Madrid,  on  the  Ortiz  land  grant. 

Coal  bed. — Cook  &  White.  Cretaceous  age;  Mesaverde  formation.  The  roof  and 
floor  are  shale. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  W.  T.  Lee  on 
October  9,  1912,  as  described  below: 

Section  of  coal  bed  in  Holen  mine. 


Laboratory  No 

Roof,  shale. 

Bone 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thlckneas  of  coal  sampled . 


14885 
Ft.  in. 
aO     2 
3      3 

3      5 
3      3 


o  Not  included  in  sample. 

The  sample  was  taken  from  a  working  face  1,300  feet  east  of  the  mine  mouth. 

Notes. — ^The  coal  near  the  surface  does  not  coke,  but  a  few  hundred  feet  from  the 
surface  it  changes  to  a  coking  coal.  At  the  time  of  sampling  the  output  of  the  mine 
was  100  tons  a  day.    The  coal  was  used  mainly  for  domestic  fuel. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  531,  1913,  p.  306. 

Madrid.    Peacock  Prospect. 

Sample. — ^Bituminous  coal;  Cerrillos  field;  analysis  No.  14887  (p.  59). 
Mine. — Peacock,  a  prospect  slope  entry  at  Madrid,  on  the  Ortiz  land  grant. 
Coal  bed. — Peacock.     Cretaceous  age,  Mesaverde  formation.    Both  roof  and  floor 
are  bony  coal. 
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The  bed  was  meusured  and  sampled  at  one  point  in  the  mine  by  W.  T.  Lee  on 
October  10, 1912. 

The  sample  was  taken  in  the  entry  400  feet  northeast  of  the  mouth  of  the  entry 
from  a  face  freshly  cleared  for  the  purpose  of  sampling.  The  sample  represents  2 
feet  4  inches  of  coal.    There  was  bony  coal  above  and  below  the  part  sampled. 

Notes. — ^The  prospect  was  not  being  worked  at  the  time  of  sampling. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  531, 1913,  p.  297. 

NORTH  DAKOTA. 
ADAMS  COUNTY. 

Hatnes.    Nipper  &  Monroe  Mine. 

Sample. — Lignite;  Cannonball  River  field;  analysis  No.  14542  (p.  59). 

Mine. — ^Nipper  &  Monroe,  a  drift  mine  in  sec.  16,  T.  129  N.,  B.  94  W.,  3^  miles 
northeast  of  Hajmes. 

Lignite  bed. — ^Haynes.  Tertiary  (Eocene)  age,  Fort  Union  fonnataon.  Average 
thickness  reported,  12  feet. 

The  bed  was  sampled  at  one  point  in  the  mine  by  E.  R.  Lloyd  on  July  30,  1912. 
The  part  sampled  was  8  feet  3  inches  thick.  The  top  of  the  bed  had  been  left  for 
roof  because  the  overljdng  shale  was  not  strong. 

The  sample  was  collected  630  feet  east  of  the  mouth  of  the  entry. 

For  a  description  of  the  geologic  relations  of  this  bed  see  U.  S.  Geol.  Survey  Bull. 
541. 

Hatnes.    Wiluam  Pinkham  Mine. 

Sample. — Lignite;  Cannonball  Biver  field;  analysis  No.  14544  (p.  59). 

J/iTUs.—William  Pinkham,  in  sec.  36,  T.  130  N.,  B.  94  W.,  about  9  miles  northwest 
of  Haynes. 

Lignite  bed. — ^Haynes.  Tertiary  (Eocene)  age.  Fort  Union  formation.  Thickness, 
about  12  feet. 

The  bed  was  sampled  at  one  point  in  the  mine  by  E.  B.  Lloyd  on  July  30,  1912. 
The  part  sampled  was  8  feet  10  inches  thick  and  uniform  in  quality.  The  top  of 
the  bed  had  been  left  for  roof  because  the  overlying  shale  was  weak. 

The  sample  was  taken  225  feet  south  of  the  mouth  of  the  mine. 

For  a  description  of  the  geologic  relations  of  this  bed  see  U.  S.  Geol.  Survey  Bull. 
541. 

BOWMAN  cotnn?Y. 

Amor.    Durkin  Prospect. 

Sample. — ^Lignite;  Bowman  Coimty  field;  analysis  No.  14857  (p.  59). 

Location. — Open  pit,  known  as  the  Durkin  prospect,  2  miles  southeast  of  Amor 
post  office  in  SW.  \  sec.  34,  T.  130  N.,  B.  103  W.,  and  12  miles  southwest  of  Bowman. 

Lignite  5«/.— This  bed  is  included  in  the  Ludlow  lignitic  member  of  the  Lance 
formation,  Cretaceous  or  Tertiary  age,  and  is  designated  as  the  T  Cross  bed  from  its 
best  exposure,  being  at  the  T  Cross  ranch  on  Bacon  Creek  in  sec.  20,  T.  133  N.,  R. 
104  W.,  in  Billings  County,  where  it  is  24  feet  thick.  Its  average  thickness  in 
Bowman  County  is  about  5  feet,  ranging  from  3  feet  2  inches  to  10  feet.  The  bed  lies 
nearly  flat,  dipping  only  slightly  to  the  northeast. 

The  bed  was  measured  and  sampled  July  31,  1912,  by  C.  J.  Hares,  as  shown  below: 
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Section  of  lignite  in  oiUcrop  t  mUes  southeast  of  Amor. 


Laboratory  No 

Roof,  saiMbtone. 

Lignite,  dirty  and  badly  weathered 

Lignite,  dirty 

Lignite,  fair 

Lignite,  good,  but  with  considerable  marcaslte 

Lignite,  excellent 

Lignite,  good,  under  water 

Floor,  not  stated. 

Thickness  of  bed 

ThickneaB  of  lignite  sampled 


14867 
Ft.  in. 
03 
«0 

0 
oO 

1 
al 

8 
2 


7 
7 
9 
2 


«  Not  Included  In  sample. 

Notes. — ^There  was  1  foot  6  inches  of  soft  sandstone,  overlain  by  5  feet  of  shale  and 
soil,  above  the  lignite.  The  lignite  is  mined  by  stripping.  At  the  time  the  sample 
was  cx>llected  no  lignite  had  been  removed  for  some  time,  a  face  was  cleaned  and  a 
fairly  fresh  sample  obtained.    The  lignite  was  used  wholly  for  local  purposes. 

SCRANTON.      SCRANTON  MiNB. 

Sample. — Lignite;  Bowman  County  field;  analysis  No.  14485  (p.  59). 

J/tfi^.— Scranton,  a  drift  mine  in  SW.  }  sec.  24,  T.  131  N.,  R.  lOO  W.,  at  Scrantcm, 
on  the  Chicago,  MUwaukee  &  St.  Paul  Railroad. 

Lignite  bed. — Probably  the  Harmon  bed  of  Smith  and  Leonard  (see  XJ.  S.  Greol. 
Survey  Bull.  341,  p.  24)  and  the  same  one  as  sampled  on  Sand  Creek  (see  U.  S.  Greol. 
Survey  Bull.  285,  p.  324)  where  it  is  31  feet  thick.  About  200  feet  above  the  base 
of  the  Fort  Union  formation,  Tertiary  age.  Thickness,  19  to  23  feet,  average  20}  feet. 
The  bed  lies  nearly  flat.  It  is  by  far  the  most  important,  thickest,  and  most  exten- 
sive bed  in  Bowman  and  Billings  counties. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  Jime  30,  1912, 
by  E.  G.  Woodruff  and  C.  J.  Hares,  as  shown  below: 

Section  of  lignite  bed  in  Scranton  mine. 


Laboratory  No , 

Clay. 

Llgnito 

Lignite,  Impure 

Lignite 

Shale,  brown,  carbonaceous. 

Lignite 

Lignite 

Thldmcn  of  bed 

Thickness  of  lignite  sampled 


14485 
Ft.    in. 
as   0 
«0    7 

6    0 
«0    U 
•  0    7 
a8    0 
20    8| 

6    0 


a  Not  included  In  sample. 

The  sample  was  taken  at  the  face  of  the  main  east  entry,  off  the  main  entry,  about 
500  feet  from  the  main  entry  and  1,000  feet  from  the  mouth  of  the  main  entry.  The 
upper  5  feet  of  the  bed  is  left  for  roof  and  the  lower  8  feet  for  floor. 

Notes. — ^The  lignite  from  this  mine  is  tough  and  woody  but  readily  sUtcks  upon 
exposure  to  air  and  sunlight.  For  that  reason  the  lignite  will  not  withstand  long 
shipment.  At  the  time  of  sampling  it  was  used  at  points  along  the-Cliicago,  Milwaukee 
&  St.  Paul  Railroad,  in  the  brick  yards  at  Scranton,  and  by  farmers. 

For  results  of  briquetting  tests  of  this  lignite  see  Bull.  14,  Bureau  of  Mines,  1912, 
pp.  31,  32. 

For  analyses  and  descriptions  of  other  samples  of  lignite  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  142,  658. 


Laboratory  No 

Lignite 

Lignite 

Clay 

Lignite 

Thickness  of  bed 

Tbiclmess  of  Lignite  sampled. 


125S7 
Ft.  te. 
«3  4 
a5      « 

«0  4 

1  10 

11  0 

5  6 


a  Not  included  in  sample. 

Note. — ^The  section  was  measured  50  feet  west  of  the  end  of  the  main  entry  and 
1,225  feet  from  the  mine  mouth.    The  sample  was  wet. 

For  a  description  of  the  geologic  relations  of  this  bed,  see  U.  S.  Geol.  Survey  Bull. 
531, 1913,  p.  122. 
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XOBTON  COXJNTY. 

Leith.    Jones  Mine. 

Sample. — ^lignite;  Cannonball  River  field;  analysis  No.  14729  (p.  60). 

Mine. — Jones,  a  shaft  mine  in  sec.  12,  T.  133  N.,  R.  88  W.,  1)  miles  west  of  Leitii. 
Cover,  42  feet. 

Lignite  bed. — ^Haynes(?).  Cretaceous  age.  Fort  Union  formation.  The  bed  is  reported 
to  be  8  feet  6  inches  thick  and  to  have  a  shale  roof.    Only  5  feet  6  inches  of  the  bottom  i 

of  the  bed  is  being  mined,  the  upper  3  feet  being  left  for  roof.    The  lignite  is  unifonn  ! 

in  quality,  from  dull  to  bright  luster,  and  contains  thin  partings  of  mineral  charcoal. 
There  is  also  a  considerable  amount  of  pyrite  in  nodules  which  are  easily  separable 
from  the  lignite. 

The  bed  was  sampled  at  one  point  in  the  mine  by  E.  R.  Lloyd  and  C.  E.  Lesher 
on  September  7,  1912.  The  sample  was  taken  about  75  feet  southwest  of  the  foot 
of  the  shaft. 

For  a  description  of  the  geologic  relations  of  the  lignite  bed  see  U.  S.  Geol.  Survey 
BuU.  541. 

WABD  COUNTY. 

Plaza.    Prospect.  * 

Sample. — ^Lignite;  analysis  No.  11294  (p.  60). 

Mine. — Prospect,  in  sec.  17,  T.  152  N.,  R.  92  W.,  25  miles  west  of  Plaza,  on  the 
Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Railroad. 

Lignite  bed. — Known  as  No.  3.  Tertiary  age.  Fort  Union  formation.  Thickness,  4 
feet  11  inches.  Roof,  shale  6  inches  thick;  floor,  clay.  The  bed  was  measured  and 
sampled  by  M.  A.  Pishel  on  October  27,  1910.  The  bed  was  4  feet  11  inches  thick. 
The  sample  represented  the  lower  3  feet  8  inches,  the  upper  1  foot  8  inches  being 
dirty  coal.    There  was  shale  above  the  coal  and  clay  below  it. 

WILLIAMS  COUNTY. 

I 

AvocA.    Bruegger  Mine. 

Sample. — Lignite;  Williston  field;  analysis  No.  12587  (p.  dO). 

iftn€.— Bruegger;  in  the  NW.  i  SE.  J  sec.  3,  T.  154  N.,  R.  100  W.,  one-third  mile 
northeast  of  Avoca,  on  the  Great  Northern  Railway. 

Lignite  bed. — C  bed.    Tertiary  (early  Eocene)  age.  Fort  Union  formation. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  F.  A.  Herald  on 
September  5,  1911,  as  described  below: 

Section  of  lignite  bed  in  the  Bruegger  mine. 


NOBTH  DAKOTA:   WILLIAMS  COUNTY.  245 

Trenton.    Gbltz  Mine. 

Sample. — L^nite;  Williston  field;  analyeoB  No.  12411  (p.  60). 

Mme.—Geltz,  in  the  NW.  i  sec.  27,  T.  154  N.,  R.  102  W.,  6  miles  northeast  of 
Trenton,  on  the  Great  Northern  Railway. 

Lignite  bed. — ^No  name.  Tertiary  (early  Eocene)  age,  Fort  Union  formation.  The 
bed  was  measured  and  sampled  by  F.  A.  Herald  on  June  30, 1911,  as  described  below: 

Section  of  lignite  bed  in  the  Geliz  mine. 


Laboratory  No 

Roof,  yellow  clay  and  shale. 

Lignite,  hard,  clean 

Clay.gray 

Li^te 

Floor,  not  stated. 

TnJcknefls  of  bed 

Thiokneas  of  lignite  sampled. 


12411 
Ft.  in. 

3  4 
aO     5 

1      9 

5      6 
5      1 


a  Not  included  in  sample. 

Notes. — ^The  sample  was  collected  at  the  end  of  the  main  entry,  150  feet  from  the 
mine  mouth.  The  sample  represents  dry  lignite.  The  mine  was  worked  intermit- 
tently; the  lignite  was  used  for  local  purposes. 

For  a  description  of  the  geologic  relations  of  this  bed,  see  U.  S.  Greol.  Survey  Bull. 
531,  1913,  p.  128. 

Wiluston.    Powell  Mine. 

Sample. — Lignite;  Williston  field;  analysis  No.  12588  (p.  60). 

lft»Mj.— Powell,  in  NW.  i  of  SE.  i  sec.  33,  T.  154  N.,  R.  100  W.,  3J  miles  southeast 
of  Williston,  on  the  Great  Northern  Railway. 

Lignite  bed. — C.  Tertiary  (early  Eocene)  age.  Fort  Union  formation. 

The  bed  was  measured  and  sampled  by  F.  A.  Herald  on  September  6, 1911. 

The  sample  represents  the  lower  6  feet  6  inches  of  the  bed,  which  at  this  point 
was  10  feet  thick. 

Notes. — ^The  sample  was  taken  50  feet  north  of  the  main  entry  and  900  feet  north- 
east of  the  mine  mouth.  The  lignite  was  dry.  The  daily  output  was  30  tons  in  the 
summer  and  50  tons  in  the  winter. 

For  a  description  of  the  geologic  relations  of  this  bed,  see  U.  S.  Geol.  Survey 
Bull.  531,  1913,  p.  122. 

Williston.    U.  S.  Reclamation  Service  Mine. 

Sample. — Lignite;  Williston  field;  analysis  No.  12533  (p.  W). 

Mtne.—U.  S.  Reclamation  Service;  SE.  i  NE.  i  sec.  7,  T.  154  N.,  R.  100  W. ;  3  mileb 
northeast  of  Williston,  on  the  Great  Northern  Railway. 

Lignite  bed. — B.  Tertiary  (early  Eocene)  age.  Fort  Union  formation.  Thickness, 
10  feet  to  10  feet  6  inches.  The  bed  was  measured  and  sampled  by  F.  A.  Herald  on 
August  16,  1911,  the  sample  representing  the  bottom  8  feet  of  the  bed,  which  is  here 
10  feet  3  inches  thick. 

Notes. — ^The  sample  was  taken  from  William  Spangler's  room,  50  feet  north  of  the 
main  entry  and  1,225  feet  east  of  the  mine  mouth,  and  represents  dry  lignite.  In 
1911  the  mine  was  operated  only  during  the  irrigation  season.  The  daily  output 
averaged  90  tomi. 

For  a  description  of  the  geologic  relations  of  this  bed,  see  U.  S.  Geol.  Survey 
Bull.  531,  1913,  p.  121. 
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OHIO. 
JEFFBBSON  COX7NTY. 

Ahsterdah.    Ahsterdah  Mine. 

iSam;>Ze.— Bituminous  coal;  Ohio  field;  analyses  Nos.  10533,  15388,  15389,  and  15390 
(p.  61). 

Mine. — Amsterdam,  a  shaft  mine  in  sec.  18,  T.  11  N.,  R.  4  W.,  near  Amsterdam,  on 
the  Lake  Erie,  Alliance  &  WheeUng  Railroad. 

Coal  bed. — Lower  Freeport  (?).  Carboniferous  age,  Allegheny  formation.  Thick- 
ness, excluding  bony  coal  at  top  of  bed,  4  to  4}  feet;  fairly  uniform.  The  bed  is 
overlain  by  shale  12  feet  thick;  above  the  shale  is  another  coal  bed  of  variable  thick- 
ness. The  shale  roof  is  very  poor;  most  of  the  rooms  fall  in  before  being  worked  out. 
The  floor  is  an  imderclay,  which  is  taken  up  in  the  haulage  ways. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  D.  D.  Oondit 
on  December  27,  1912,  as  described  below: 

Sections  of  coal  bed  in  Amsterdam  mine. 


Section 

lAboratory  No 

Roof,  shale  or  bony  ooal. 

Coal,  bony 

Coal 

Bone 

Coal 

Coal,  impure 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

1538S 

153» 

Ft.    in. 

Ft.  ftk 

al      3 

•  1    2 

1    11 

1    7k 

oO     2i 

aO    3l 

1    10 

1    8| 

oO     5 

aO    5 

5      7J 

5    3} 

3      9 

3      4 

Ft. 
■  1 

1 
«0 

1 
«0 


in. 

3 

I* 

11 
S 


I  n 


a  Not  included  in  sample. 

Section  A  (sample  15388)  was  measured  in  room  4,  off  entry  4,  east  section,  1,000 
feet  northeast  of  the  shaft. 

Section  B  (sample  15389)  was  measured  in  room  15,  off  west  entry  0,  eection  2  north, 
4,000  feet  northwest  of  the  shaft. 

Section  C  (sample  15390)  was  measured  in  section  3  south,  west  entry  8, 4,500  feet 
southwest  of  the  shaft. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  W.  Paul  on 
May  3,  1910. 

The  sample  (No.  10533)  was  taken  at  the  center  of  the  face  of  the  fiace  entry,  where 
the  bed  was  5  feet  2  inches  thick,  and  represented  the  lower  4  feet  1  inch,  all  clean 
coal.    There  was  13  inches  of  bony  coal  above  the  part  sampled. 

Notes. — ^The  shaft  is  270  feet  deep  to  the  top  of  the  coal.  The  coal  is  mined  by  the 
room-and-pillar  method.  At  the  tune  of  sampling  the  coal  was  undercut  by  electric 
cutting  machines. 

Ahsterdah.    Eastern  Ohio  Mine. 


Sample. — Bituminous  coal;  Ohio  field;  analyses  Nos.  15391,  15392,  and  15393 
(p.  61). 

Mine. — Eastern  Ohio,  a  slope  mine  in  NE.  i  sec.  8,  T.  12  N.,  R.  4  W.,  on  the  Lake 
Erie,  Alliance  &  Wheeling  Railroad,  halfway  between  Amsterdam  and  Bergjiolz. 

Coal  bed. — Lower  Freeport  (?).  Carboniferous  age,  Allegheny  formation.  Roof, 
dark  sandy  shale,  fairly  firm.  A  little  below  the  middle  of  the  bed  is  a  thin,  per- 
sLBtent  layer  of  bony  coal.    The  coal  is  hard  and  tough. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  D.  D.  Condit  on 
December  28,  1912,  as  described  below: 
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Sections  of  coal  bed  in  Eastern  Ohio  mine. 


BocUtm 

Laboratory  No 

Roof,  shale. 

Coal,  impore 

Goal 

Bone 

Coal 

Goal,  impure 

Floor,  clay  aiid  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

15301 

15392 

Ft.  in. 

Ft.  in. 

aO      4 

aO     4 

2      5 

2     9 

aO      2 

aO      3 

2      3 

2      0 

aO      2 

-.     -. 

5      4 

5      4 

4      8 

4      9 

c 

15393 

Ft.  in. 
aO     3 

3     1 

1     10 


5      4* 
4    11 


a  Not  included  in  sample. 

Section  A  (sample  15391)  was  measured  in  room  11,  off  west  butt  entry  12,  3,000  feet 
west  of  the  mouth  of  the  slope. 

Section  B  (sample  15392)  was  measured  at  west  entry  13,  off  the  south  face  entry. 

Section  G  (sample  15393)  was  measured  in  left  butt  entry  12,  off  the  north  face  entry, 
2,700  feet  northeast  of  the  mouth  of  the  slope. 

Amsterdam.    Elizabbth  Mine. 

Sample. — ^Bituminous  coal;  Ohio  field;  analyses  numbers  15440,  15441,  and  15443 
(p.  61). 

IfiTie.— Elizabeth,  a  shaft  mine  in  SE.  i  sec.  7,  T.  12  N.,  R.  4  W.,  2  miles  east  of 
Amsterdam,  on  a  branch  of  the  Lake  Erie,  Alliance  &  Wheeling  Railroad. 

Coal  bed. — Probably  the  Lower  Freeport.  Carboniferous  age,  Allegheny  formation. 
Roof,  shale;  floor,  clay. 

The  bed  was  meamired  and  sampled  at  three  places  in  the  mine  by  D.  D.  Condit 
on  December  30,  1912,  as  described  below: 

Sections  of  coal  bed  in  Elvtabeth  mine. 


OectiOD.. ............ ......... 

Laboratory  No 

Roof,  shale. 

Coal,  bony 

Coal,  impure 

Bone 

Coal 

Bone 

Coal 

Coal,  impure 

Floor,  day. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

15440 

15441 

Ft.  in. 

Ft.  in. 

m    •                 ■    • 

«0      7 

0     5 

0      7 

aO      2 

oO      2} 

1      9 

1      9 

oO      3i 

00      3 

1      7 

1      9 

oO      3 

aO      4 

4      5i 

5      5i 

3      9 

4      1 

c 

15443 
Ft.  in, 
aO 

0 
«0 

1 
aO 

1 


41 

6 
1 
7 

31 


3    lOl 


•  Not  included  in  sample. 

Section  A  (sample  15440)  was  measured  in  room  22,  off  west  entry  3,  2,600  feet 
northwest  of  the  shaft. 

Section  B  (sample  15441)  was  measured  in  room  33,  off  the  second  south  face  entry, 
2,400  feet  west  of  the  shaft. 

Section  G  (sample  15443)  was  measured  in  room  6,  off  west  entry  9,  2,600  feet  north- 
east of  the  shaft 

Notes. — The  coal  is  hard  and  toug^  and  breaks  with  a  conchoidal  fracture.  The 
impure  bony  coal  at  the  top  and  the  two  bone  layers  in  the  body  of  the  bed  are 
persistent  and  vary  considerably  in  thickness  from  place  to  place.  Pyrite  bands  are 
plentiful.  The  shale  roof  requires  little  timbering.  Most  of  the  mine  workings  were 
unusually  dry.  The  equipment  of  the  mine  was  modem.  The  daily  output  of  the 
mine  (run-of-mine)  was  reported  at  about  1,000  tons  at  the  time  of  sampling. 

47664**— Bull.  8&— 14 17 
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Briluant.    Goucher  No.  2  Minb. 

SampU.—Bitmxajiom  coal;  Ohio  field;  analyses  Nos.  15563  and  15564  (p.  62). 

Mine, — Goucher  No.  2,  a  drift  mine,  in  S£.  }  sec.  6,  T.  5  N.,  R.  2  W.,  1  mile  west  of 
Brilliant,  on  Cleveland  &  Pittsburg  division  of  the  Pennsylvania  Railroad. 

Coal  bed. — Pittsbuigh  or  No.  8.  Carboniferous  age,  Monongahela  formation.  Thick- 
ness fairly  uniform;  at  this  mine  about  5  feet.    The  bed  lies  nearly  flat. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  D.  D.  Condit  on 
January  4, 1913,  as  described  below: 

Sectiona  of  coal  bed  in  Qaucher  No,  t  mine. 


Section 

Labontory  No 

Boof.  day  ("soapstone")- 

Bone 

Coal. 

"Bufphiir'"beiid!.' !!!!!!." 

CoaL. 

"Sulphur  "bead! '.'.'.'.'/." 

CoaL 

"Sulphur"  band 

Coal.:. 

Floor  day  and  shale. 

Thickness  of  bed 

Iliickness  of  coal  sampled 


i 

I 

1&563     1 

FL 

in. 

'2 

3* 

•  0 
«0 

3 

1 

3 

0 

jk 

0 

11 

4 
4 

n 

B 

15564 
FL  in. 
aO      3 

2  3 

«0  i 

•  0  3 

>0  i 

2  5 


5     H 

4      8 


a  Not  induded  in  sample. 

Section  A  (sample  15563)  was  measured  in  face  entry  2,  nortb.  side  of  mine,  500  feet 
northwest  of  the  mine  mouth.    Ck)ver,  about  100  feet. 

Section  B  (sample  15564)  was  measured  in  room  1,  right  entry  1,  south  side,  500 
feet  northwest  of  the  mine  mouth  and  about  1,200  feet  from  point  where  sample  15563 
was  taken. 

Notes. — ^The  output  (run-of-mine)  was  reported  at  the  time  of  sampling  to  be  700 
tons  a  day. 

HOPKDALE.      PaBLBTT  MiNE. 

Sample.  '—Bituminous  coal;  Ohio  field;  analyses  Nos.  15444  and  15445  (p.  62). 

Mine. — ^F^rlett,  a  slope  mine  in  S£.  {  sec.  32,  T.  0  N.,  R.  3.  W,  2  miles  southeast  of 
Hopedale,  on  the  Wabash-Pittsbuig  Tenninal  Railway. 

Coal  bed. — Pittsburgh  or  No.  8  of  Ohio  Geological  Survey.  Carboniferous  age, 
Monongahela  formation.  Avenge  thickness,  4  feet  9  inches.  The  bed  lies  nearly 
flat.  The  roof  is  clay  and  the  upper  bench  of  coal  characteristic  of  the  Pittsburgh  seam. 
The  cover  at  most  places  is  less  than  100  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  D.  D.  Condit  on 
December  31, 1912,  as  described  below: 

Sections  of  coal  bed  in  Parlett  mine. 


Beetloii. 

Laboratory  No 

Roof,  day  or  ooal. 

Coel,  impure 

Clay 

Coal 

Clay 

CoaL 

Coal  with  sereral  sbale  bands 

Coal 

Floor,  day. 

Thidaieas  of  bed 

ThickneeB  of  coal  sampled 


A 

B 

15444 

15H5 

Ft.  in. 

Ft.  in. 

«  •           •  • 

00   11 

•  •           •  « 

aO     3 

•  •                  s  • 

al      1 

ol     2 

•  1     0 

2      54 

2     2 

aO     S 

aO     3 

2       * 

2     S 

5    11^ 

7    11 

4      6 

4     5 

o  Kot  induded  in  sample. 
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Section  A  (sample  15444)  was  measured  in  room  9,  off  west  entry  2,  of!  south  entry, 
2,200  feet  north  of  the  bottom  of  the  slope.    Cover,  about  30  feet. 

Section  B  (sample  15445)  was  measured  in  north  entry  2;  180  feet  beyond  rooms  9 
and  10,  off  west  entry,  400  feet  northwest  of  the  bottom  of  the  slope.    Cover,  28  feet. 

Notes, — ^The  mine  is  very  wet.  At  the  time  of  sampling  the  output  was  reported  to 
be  150  tons  a  day. 

PiNEY  Fork.    Piney  Fork  No.  1  and  No.  2  Mines,  and  Cabbage  Run  Mine. 

Sample. — Bituminous  coal;  Ohio  field;  analyses  Nos.  15489, 15490,  and  15491  (p.  62). 

Mines. — Piney  Fork  No.  1  and  No.  2  mines  and  Cabbage  Run  mine,  sees.  21, 17,  and 
16,  T.  8  N.,  R.  3  W.,  2  miles  southwest  of  Smithfield,  on  Lake  Erie,  Alliance  & 
Wheeling  Railroad. 

Coal  bed. — Pittsbuigh  or  No.  8  of  Ohio  Geological  Survey.  Carboniferous  age, 
Monongahela  formation.  Thickness  foirly  uniform,  about  4}  feet.  The  bed  lies 
nearly  flat.  The  roof  of  the  main  bed  of  coal  is  a  clay  band  about  1  foot  thick  which 
is  taken  down  in  most  places.  Above  this  is  the  "roof"  coal,  an  impure  bony  bed  of 
variable  thickness  which  has  not  been  mined  in  this  district. 

The  bed  was  measured  and  sampled  at  one  point  in  No.  1  mine,  at  one  point  in  No.  2 
mine,  and  at  one  point  in  Cabbage  Run  mine  by  D.  D.  Condit  on  January  3,  1913, 
as  described  below: 

Sections  of  coal  bed  in  Piney  Fork  mines. 


A 

B 

15480 

16490 

Ft.    in. 

Ft,    in. 

aO    2 

•  m               ■  • 

2    7 

2     3 

«0     1 

•0 

00    3 

aO     3 

oO     i 

«0 

1    1 

1      8 

0     1 

•  •            •  • 

0    5 

«  •            •  • 

00    3 

aO     3 

\n 

3    1^ 

c 

15401 
Ft.    in. 


8«ctiaii 

Laboratory  No 

Roof,  ooal  or  clay. 

Bone 

Coal 

Clay 

Coal 

Clay 

Coal 

Clay  band 

Coal 

Coal,  high  In  sulphur 

Floor,  clay  and  shale. 

TnioKoess  of  bed 

ThiokneGS  of  ooal  sampled 


a  Not  included  in  sample. 

• 

Section  A  (sample  15489)  was  measured  in  mine  No.  1,  room  14,  off  left  entry  11  off 
the  main  east  entry,  4,000  feet  southwest  of  the  mine  mouth.    Cover,  125  feet. 

Section  B  (sample  15490)  was  measured  in  mine  No.  2,  room  28,  off  east  entry  21, 
5,600  feet  northeast  of  the  mine  mouth.    Cover,  100  feet. 

Section  C  (sample  15491)  was  measured  in  Cabbage  Run  mine,  room  26  off  left  entry 
3,  1,050  feet  northeast  of  the  mine  mouth.    Cover,  50  feet. 

Notes. — ^At  the  time  of  sampling  there  were  three  drift  mines  in  operation  at  Piney 
Fork,  No.  1  and  No.  2,  and  Cabbage  Run  mine.  The  daily  output  of  screened  coal 
from  the  three  was  reported  to  be  about  1,250  tons.  Sulphur  bands  and  lenses  were 
rather  plentiful,  but  these  were  carefully  sorted  out  of  the  coal. 

SHrrHTiELD.    Plum  Run  No.  1,  No.  4,  and  No.  5  Mines. 

Sample. — Bituminous  coal;  Ohio  field;  analyses  Nos.  15486, 15487,  and  15488  (p.  63). 

Mines. — Plum  Run  mines  Nos.  1,  4,  and  5,  in  SW.  J  and  NW.  J  sec.  29  and  sec.  30, 
T.  5  N.,  R.  2  W.,  2  miles  east  of  Smithfield,  on  branch  of  Lake  Erie,  Alliance  &  Wheel- 
ing Railroad. 

Coal  bed. — Pittsburgh  or  No.  8  of  Ohio  Geological  Survey.  Carboniferous  age, 
Monongahela  formation.  Thickness,  4)  to  5  feet.  The  bed  lies  nearly  flat.  The  coal 
is  overlain  by  a  layer  of  clay  1  foot  thick;  above  this  clay  is  the  "roof  coal,"  which 
varies  in  thickness  and  was  not  mined.    In  the  middle  of  tiie  bed  is  a  "bearing  in". 
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layer,  3  to  4  inches  thick,  which  was  rejected  in  mining.  The  coal  above  this  layer 
varies  considerably  in  thickness  from  place  to  place.  "  Sulphur  "  in  the  form  of  snudl 
scattered  lenses  and  bands  was  common. 

The  bed  was  measured  and  sampled  at  one  point  in  No.  1,  at  one  point  in  No.  4,  and 
at  one  point  in  No.  5  mine  by  D.  D.  Gondii  on  January  2,  1913,  as  described  below: 

Sections  of  coal  bed  in  Plum  Run  mines. 


Section 

Laboratory  No 

Roof,  clay. 

Coal 

"Sulphur"  and  clay 

Coal 

"Sulphur"  and  clay 

Coal 

Floor,  clay  and  shale. 

Tnlckness  of  bed 

Thickness  of  coal  sampted 


A 

B 

C 

15486 

15487 

15488 

FL    in. 

FL    in. 

Ft.    in. 

2    3 

1    10 

2     1 

«0 

aO    2 
aO      i 
2    3 

aO      2 

OO       i 
•0     2k 

AO  i 
2      3 

«0       i 
2     2) 

4    9 
4    6 

4  4i 
4      i 

tn 

a  Not  Included  in  sample. 

Section  A  (sample  15486)  was  measured  in  mine  No.  1,  room  7,  off  first  south  face  en- 
try, off  seventh  east  entry,  2,500  feet  northeast  of  the  mine  mouth.  Cover,  about  50  feet. 

Section  B  (sample  15487)  was  measured  in  mine  No.  4,  room  14,  off  fifteenth  right 
entry,  4,400  feet  northeast  of  the  mine  mouth.    Cover,  225  feet. 

Section  C  (sample  15488)  was  measured  in  mine  No.  5,  room  3,  off  second  right  entry, 
off  first  right  fetce  entry,  1,800  feet  southeast  of  the  mine  mouth.    Cover,  200  feet. 

Notes. — At  the  time  of  sampling  there  were  four  drift  mines  in  operation  here.  The 
combined  output  of  screened  coal  was  reported  at  1,350  tons  a  day. 

Steuben viLLE.    La  Belle  Mine. 

Sample. — Bituminous  coal;  Ohio  field;  analyses  Nos.  15675  and  15676  (p.  63). 

Mine. — La  Belle,  a  shaft  mine  in  SW  i,  sec.  29,  T.  2  N.,  R.  1 W.,  on  the  banks  of  Ohio 
River  in  the  city  of  Steubenville. 

Coal  bed. — Lower  Freeport.  Carboniferous  age,  Allegheny  formation.  The,  thick- 
ness varies  greatly  from  place  to  place.    The  bed  lies  about  100  feet  below  river  level. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  D.  D.  Condit 
on  January  9, 1913,  as  described  below: 

Sections  of  coal  bed  in  La  Belle  mine. 


Beetian 

Laboratory  No 

Roof,  shale. 

Coal 

Bone 

Coal 

Bhale 

Coal 

Floor,  clay,  shale. 

thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

15675 

15678 

Ft.  in. 

Ft.  in. 

1    0 

1    9 

0     i 

0    1 

0    0 

0    8| 

oo  u 

oO    3^ 

0    6i 

0    7 

8    2 

3*44 

3     i 

3    ll 

a  Not  included  in  sample. 

Section  A  (sample  15675)  was  measured  in  room  9,  off  left  entry,  off  second  south 
butt  entry,  5,200  feet  southeast  of  the  shaft. 

Section  B  (sample  15676)  was  measured  in  fifth  south  butt  entry,  off  southeast 
entry,  4,400  feet  southeast  of  the  shaft. 

Notes. — At  the  time  of  sampling  nearly  all  the  output  was  from  West  Virginia  terri- 
tory. The  coal  was  used  in  iron  and  steel  mills.  The  coal  at  the  bottom  of  the  bed 
is  somewhat  high  in  sulphur  and  for  that  reason  was  kept  separate  from  the  remainder 
of  the  bed  and  used  only  for  steam  purposes. 
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Belle  Valley.    Noble  Mine. 

Sample. — Bituminous  coal;  Ohio  field;  analyees  Nob.  17213,  17214,  and  17215 
(p.  63). 

Mine. — Noble,  a  shaft  mine  1  mile  northwest  of  Belle  Valley  on  the  Marietta  divi- 
sion of  the  Pennsylvania  Railroad. 

Coal  bed. — Known  as  No.  7,  Carboniferous  age,  Allegheny  formation.  Average  thick- 
ness, about  4  feet  6  inches.  Dip,  northeast.  Hock  faults  are  of  frequent  occurrence. 
The  roof  is  shale,  roof  coal,  shale,  and  sandstone  in  the  order  mentioned.  The  floor 
is  a  hard  smooth  clay.  Particles  of  the  roof,  but  not  of  the  floor,  occasionally  get 
mixed  with  the  coal  in  loading.  There  are  two  other  workable  beds  of  coal  at  the 
Noble  mine,  one  about  250  feet  above  and  the  other  100  feet  below  the  No.  7  bed. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  H.  D.  Mason,  jr., 
and  G.  W.  Salisbury  on  May  21,  1913,  as  described  below. 

Sections  of  coal  bed  in  Noble  mine. 


SectloD 

Laboratory  No 

Roof,  shale. 

Top  coal  laminated  with  mother  coal 

Coal 

Mother  coal 

Coal 

Bony  coal 

"Snlphur" 

Coal 

"Slate'' binder 

Coal : 

Bottom  coal , 

Floor,  tmderclay. 

Tnickneas  of  bed 

Thickness  of  coal  sampled 


A 

17213     1 

Ft. 

in. 

0 

6» 

1 

9 

0 

m  m 

i* 

0 

8 

aO 

3 

0 

10 

0 

2 

4 
4 

1 

B 

17211 

Ft.  in. 
0      6 
0    10} 

0  1 

1  3 

0  3i 

"  •         •  • 

1  6 
aO      2 

0    10 


5      4 
5      2 


o  Not  included  in  sample. 

Section  A  (sample  17213)  was  measured  at  the  face  of  eighth  south  entry  (motor 
road),  5,700  feet  southwest  of  the  shaft  bottom. 

Section  B  (sample  17214)  was  measured  at  the  face  of  room  5  off  seventh  south  entry, 
5,600  feet  southwest  of  the  shaft  bottom. 

A  composite  sample  was  made  by  mixing  samples  17213  and  17214.  The  results  of 
an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  17215. 

Note. — The  shaft  is  185  feet  deep.  The  mine  is  worked  by  the  room-and-pillar 
method.  At  the  time  of  sampling  the  coal  was  shot  down  with  FF  black  blasting 
powder .  Dynamite  was  used  for  l|{rushing  the  floor  and  roof.  About  80  per  cent  of  the 
coal  was  shipped  as  run-of-mine.  About  33  per  cent  of  the  coal  going  to  the  screens 
passed  through.  The  screens  consisted  of  bars  72  feet  long  with  1}  and  }  inch  open- 
ings. Pickerswere  employed  on  the  cars  in  loading.  There  were  three  loading  tracks 
with  a  capacity  of  50  empty  cars  and  50  loaded  cars.  The  average  daily  output  was 
600  tons,  with  a  capacity  of  1,500  tons.    There  was  about  200  acres  to  be  mined  from 

this  opening. 

OKLAHOMA. 

HASKBLL  COUNTY. 

McCuRTAiN.    San  Bois  No.  2  Mine. 

Sample. — Bituminous  (coking)  coal;  McAlester  field;  analyses  Nos.  13688,  13689, 
13690,  13691,  13692,  and  13693  (p.  64). 

Mine. — San  Bois  No.  2,  a  slope  mine,  1  mile  west  of  McCurtain,  on  the  Fort  Smith 
&  Western  Railway. 

Coal  bed. — ^McCurtain  (Hartshome)  bed.  Carboniferous  (Allegheny)  age,  McAles- 
ter shale.  Average  thickness,  7  feet.  Roof,  shale  of  medium  quality;  floor,  hard  clay 
with  smooth  surface.    Dip,  7^  S.    Cover  at  points  of  sampling,  about  225  feet. 
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The  bea  was  measured  and  sampled  at  five  points  in  the  mine  by  R.  Y.  Williams 
on  March  30  and  April  2,  1912,  as  described  below: 

Sections  of  coal  bed  in  the  San  Bois  No.  2  mine. 


Seetkm 

LaboxEtory  No 

Boof.  dark  my  limey  shale. 

Coal,  soft,  bright,  granular 

Bone 

Coal,  soft  and  bright. 

"Sulphur"  and  bony  ooal 

Coal,  soft  and  bright 

Coal,  containing  3  bone  streaks 

Coal,  soft  and  bright 

Floor,  hard  shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


A 

B 

c 

D 

1S688 

13689 

13090 

13601 

Ft.  in. 

FL  in. 

Ft  fti. 

Ft.  in. 

2    2i 

a  4 

2    3i 

2    « 

a3    8 

•1    7 

01    4 

as    3 

OlOi 
ao 
1      1 
0    1 
•     1    «l 

1    7 

0  11} 
0    1 

2    3 

1 

0 
1    81 

«o    I 

3    2 

•  •  • . 

m  •             mm 

•  •         •  • 

U 

m 

6  10 
5    6 

8  111 
6   H 

13992 

Ft.  hk 

2    1 

•  1    2 

0    6 


2  4 


6    6 
5    4 


a  Not  included  in  sample. 

Section  A  (sample  13688)  was  measured  at  the  iace  of  thirteenth  south  entry,  5,000 
feet  west  of  the  slope  mouth. 

Section  B  (sample  13689)  was  measured  at  the  face  of  room  3,  off  thirteenth  north 
entry,  top  side,  5,000  feet  west  of  the  slope  mouth. 

Section  C  (sample  13690)  was  measured  at  the  face  of  eleventh  south  entry,  50  feet 
south  of  the  slope  and  5,000  feet  west  of  the  slope  mouth. 

Section  D  (sample  13691)  was  measured  at  the  face  of  twelfth  south  entry  in  the  top 
side,  5,500  feet  west  of  the  slope  mouth. 

Section  E  (sample  13692)  was  measured  at  the  neck  of  room  6,  twelfth  north  entry, 
top  side,  5,300  feet  west  of  the  slope  mouth. 

Notes. — ^The  mine  is  worked  on  the  room-and-pillar  system .  At  the  time  of  sampling 
the  coal  was  shot  off  the  BoHd  with  dynamite.  The  lower  bench  was  mined  first,  then 
the  ''dirt"  band  was  removed  and  the  upper  3  feet  of  coal  was  blasted.  The  tipple 
was  provided  with  bar  screens  and  the  entire  output  was  screened.  The  screenings 
were  washed  and  coked,  there  being  210  ovens  at  this  plant.  Pickers  were  employed 
on  the  cars.    The  average  daily  output  was  about  600  tons. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Biueau  of  Mines,  1913,  pp.  149,  675. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

BuU.  260,  1905,  p.  382. 

PITTSBT7BO  COUNTY. 

Adambon.    Eclipse  No.  1  Mine. 

Sample.— 'BiUunmouB  coal;  McAlester  field;  analyses  Nos.  16143,  16144,  and  16145 
(p.  64). 

Mine. — Eclipse  No.  1,  a  slope  mine  in  sec.  9,  T.  5  N.,  R.  17  E.,  1^  miles  east  of 
Adamson,  on  the  Missouri,  Kansas  &  Texas  Railway. 

Coal  bed. — Lower  Hartshome,  Carboniferous  (Allegheny)  age,  McAlester  shale. 
Average  thickness,  4  feet  6  inches.  Dip,  38^  northwest.  Cleat,  east  and  west.  No 
&ults,  rolls,  or  horsebacks  are  encountered.  The  immediate  roof  is  a  "draw  slate" 
1  to  8  inches  thick  which  comes  down  with  the  coal;  above  the  ''slate ''  is  a  gray  shale. 
The  floor  is  a  hard  smooth  shale.  F^uticles  from  both  the  floor  and  roof  get  mixed 
with  the  coal  in  mining.  Cover  at  points  of  coupling,  about  200  feet.  The  bed  was 
measured  and  sampled  at  two  points  in  the  mine  by  W.  T.  Burgess  on  January  30, 1913. 

Section  A  (sample  16143)  was  measured  at  the  face  of  the  third  east  entry,  600  feet 
northeast  of  the  mouth  of  the  slope.  The  sample  represents  4  feet  6  inches  of  clean 
coal,  the  thickness  of  the  bed. 

Section  B  (sample  16144)  was  measured  at  the  fece  of  the  third  west  entry,  600  feet 
northwest  of  the  mouth  of  the  slope.  The  sample  represents  4  feet  of  clean  coal,  the 
thickness  of  the  bed. 


OKLAHOMA:  FITTSBUBQ  COUKTY. 
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A  composite  sample  was  made  by  combining  samples  16143  and  16144.  The  ulti- 
mate analysis  of  this  sample  is  given  under  laboiatory  No.  16145. 

Notes, — ^The  mine  is  worked  by  the  room-and-pillar  system.  At  the  time  of  sam- 
pling the  coal  was  shot  off  the  soUd  with  black  powder  and  "40  per  cent"  dynamite. 
These  explosives  were  also  used  in  brushing  the  floor  and  roof.  The  coal  was  all 
shipped  as  nm-of-mine.  Pickers  were  employed  on  the  cars.  The  daily  output  was 
about  100  tons,  all  from  advance  workings.    The  mine  had  a  probable  life  of  about 

five  years. 

Aldebson.    Aldkbson  No.  5  Mine. 

Sample. — ^Bituminous  coal;  McAlester  field;  analyses  Nos.  11915, 11916, 11917,  and 
11918  (p.  65). 

Mine. — Alderson  No.  5,  a  shaft  mine  in  sec.  15,  T.  5  N.,  R.  15  £.,  1}  miles  southwest 
of  Alderson,  on  the  Chicago,  Rock  Island  A  Pacific  RaOway. 

Coal  bed. — ^McAlester.  Carboniferous  (Allegheny)  age,  McAlester  shale.  Average 
thickness,  3  feet  6  inches;  dip,  9^  southwest.  Roof,  smooth  bluish-gray  shale;  floor, 
hard,  rough  fire  clay.  Cover,  320  to  625  feet.  The  bed  was  measured  and  sampled 
at  four  points  in  the  mine  by  H.  I.  Smith  on  March  6,  1911,  as  described  below: 

Sections  of  coal  bed  in  Alderson  No.  5  mine. 


Section. 

Laboratory  No 

Roof,  shale. 

Coal,  bony 

Shale  and  coal 

Coal,  soft 

Coal,  imiform 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

11015 

11916 

11017 

Ft.  in. 

Ft,  in. 

Ft.  in. 

•  •    •  « 

mm            ■  • 

aO     4 

■  •     a  • 

•  «     •  • 

•  0   6 

•  «      ■  • 

•  *     •  • 

0  6 

3   7 

3  6 

2   0 

3   7 

3   6 

8   4 

8   7 

3   6 

2  6 

D 

11018 

Ft.  in. 


0  7 

8  0 

8  7 

8  7 


a  Not  included  in  sample. 

Section  A  (sample  11915}  was  measured  at  the  face  of  room  1,  off  the  fourth  west 
'back  entry,  off  the  west  slope,  2,200  feet  west  of  the  shaft. 

Section  B  (sample  11916)  was  measured  at  the  face  of  room  7,  off  seventh  west  entry, 
off  the  west  slope,  about  2,800  feet  northwest  of  the  shaft. 

Section  C  (sample  11917)  was  measured  at  the  &ce  of  room  66,  off  eleventh  east  entry, 
off  the  east  elope,  about  4,000  feet  east  of  the  shaft. 

Section  D  (sample  11918)  was  measured  at  the  face  of  second  west  entry,  off  the  east 
slope,  about  2,000  leet  southeast  of  the  shaft.  This  section  contained  a  ''sulphur" 
band  one-eighth  inch  thick  about  7  inches  from  the  top. 

Notes. — llie  mine  is  worked  by  the  room-and-pillar  system;  the  shaft  is  555  feet 
deep.  At  the  time  of  sampling  the  coal  was  imdercut  and  was  shot  down  with  FF 
black  powder  and  a  permissible  explosive.  The  coal  was  friable,  about  75  per  cent 
passing  through  a  4-inch  screen.  Pickers  were  employed  on  the  cars  in  loading.  The 
four  loading  tracks  had  a  capacity  of  25  empty  cars  and  100  loaded  cans.  The  daily 
output  was  400  tons,  all  from  advance  workings.    The  pillars  were  not  robbed. 

Aldbsson.    Alderson  No.  38  Mine. 

Sample. — ^Bituminous  coal;  McAlester  field;  analyses  Nos.  11592,  11594,  11670, 
15188,  and  15189  (p.  65). 

Mine. — ^Alderson  No.  38,  a  slope  mine  in  T.  5  N.,  R.  15  E.,  2  miles  east  of  Alderson, 
on  the  Chicago,  Rock  Island  A  Pacific  Railway. 

Coal  bed. — ^McAlester.  Carboniferous  (Allegheny)  age,  McAlester  shale.  Average 
thickness,  3  feet  5  inches;  dip,  15^  to  17^  south.  Roof,  bluish-gray  shale;  floor,  hard, 
brittie  clay.    Cover  at  points  of  sampling,  425  to  750  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  H.  I.  Smith  on 
January  17  and  30, 1911,  and  at  two  points  by  C.  S.  Stevenson  and  W.  T.  Burgess  on 
December  1, 1912. 
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Sample  11592  was  taken  in  room  1,  off  seventh  west  entry,  about  2,200  feet  down  the 
main  slope.    The  sample  represents  2  feet  9  inches  of  clear  coal. 

Sample  11594  was  taken  in  room  4,  off  fifth  east  entry,  about  2,300  feet  down  the  main 
slope.    The  sample  represents  3  feet  3  inches  of  clear  coal. 

Sample  11670  was  taken  in  room  26,  off  fourth  east  entry,  about  1,900  feet  down  the 
main  slope.  The  sample  represents  3  feet  2  inches  of  coal  that  contained  a  few  thin 
seams  (less  than  one-eighth  inch  thick)  of  bony  coal. 

Sample  15188  was  taken  at  the  f&ce  of  sixth  east  entry,  and  represents  3  feet  6  inchee 
of  coal. 

Sample  15189  was  taken  at  the  face  of  seventh  west  au*  course,  and  represents  3  feet  9 
inches  of  coal. 

Each  sample  represents  the  thickness  of  the  bed  at  that  point. 

Notes, — ^The  mine  is  worked  by  the  room-and-pillar  system.  At  the  time  of  sampling 
the  coal  was  shot  from  the  solid  with  FF  black  powder.  None  of  the  coal  was  shipped 
as  run-of-mine  during  1910.  About  33  per  cent  of  the  coal  would  pass  through  a  2^inch 
screen.  The  coal  was  not  washed.  There  were  5  loading  tracks  with  a  capacity  of 
14  empty  and  14  loaded  cars.    The  capacity  was  200  tons  a  day. 

Graio.    Bolbn-Dabnall  No.  4  Mine. 

Sample, — ^Bitimiinous  coal;  McAlester  field;  analyses  Nos.  15104  and  15105  (p.  65). 

Mine. — Bolen-Damall  No.  4,  a  slope  mine  in  Craig,  on  the  Ardmore  branch  of  the 
Chicago,  Kock  Island  &  Pacific  Railway. 

Coal  bed. — Lower  Hartshome  (?).  Carboniferous  (Allegheny)  age,  McAlester  shale. 
Thickness,  fairly  uniform,  average  about  3  feet.  Roof,  bluish  sandy  shale,  soft  in 
places.  Floor,  hard  rough  clay,  which  becomes  soft  when  exposed  to  the  action  of 
water.    Cover  at  points  of  sampling,  about  700  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  W.  T.  Burgess 
and  C.  S.  Stevenson  on  November  12, 1912,  as  described  below: 

Sections  of  coal  bed  in  Bolen-Damall  No,  4  mine. 


SectSon , 

Laboratory  No 

Roof,  f^ay  shale. 

Coal 

"Sulphur"  band 

Coal 

Floor,  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


a  Not  included  in  sample. 

Section  A  (sample  15104)  was  measured  at  the  face  of  eighth  west  entry,  3,000  feet 
northwest  of  the  mou,th  of  the  slope. 

Section  B  (sample  15105)  was  measured  at  the  face  of  eighth  east  entry,  3,000  feet 
from  the  mouth  of  the  slope. 

Notes. — ^The  mine  is  opened  by  a  slope  and  is  worked  on  the  room-and-pillar  sys- 
tem. The  coal  from  this  mine,  like  many  others  in  this  field,  breaks  easily  into  small 
pieces.  In  1910  about  55  per  cent  of  the  coal  passed  through  the  screens.  Only  a 
small  proportion  was  shipped  as  run-of-mine.  The  average  daily  output  was  about 
150  tons. 

McAlester.    Busby  No.  5  Mine. 

;Samp^.— BitiuninouB  coal;  McAlester  field;  analyses  Nos.  11569,  11586,  11587, 
11588, 11589,  11590,  and  11591  (p.  65). 

Mine,— Bushy  No.  5,  a  shaft  mine  in  sec.  32,  T.  6  N.,  R.  15  E.,  2  miles  east  of  Mc- 
Alester on  the  Chicago,  Kock  Island  &  Pacific  Bailway  and  the  Missouri,  Kansas  & 
Texas  Railway. 

Coal  6«</.— McAlester.  Carboniferous  (AU^heny)  age,  McAlester  shale.  Aveiage 
thickness,  4  feet;  dip,  10**  S.  15*»  W.;  cleat,  S.  30*^  E.  Roof,  bluish-gmy  shale  30  feet 
thick;  floor,  hard  fire  clay.    Cover  at  points  of  sampling,  550  to  720  feet. 
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The  bed  was  measured  and  sampled  at  six  places  in  the  mine  by  H.  I.  Smith  on 
January  11  and  19,  1911. 

Sample  11569  was  taken  in  room  11,  off  third  west  entry,  off  the  east  slope,  about 
1,600  feet  from  the  shaft.  The  sample  represents  4  feet  2  inches  of  clear  coal,  the 
thickness  of  the  bed. 

Sample  11586  was  taken  at  the  face  of  second  west  entry,  off  the  west  slope,  300 
feet  beyond  room  26.  The  sample  represents  4  feet  of  coal  that  contained  a  i-inch 
band  of  ''sulphur''  about  4  inches  from  the  top. 

Sample  11587  was  taken  at  the  &ce  of  third  east  entry,  off  the  east  slope,  120  feet  be- 
yond room  22.  The  sample  represents  the  thickness  of  the  bed,  4  feet  2  inches;  the 
upi>er  three-fourths  of  an  inch  was  bony  coal. 

Sample  11588  was  taken  at  the  &ce  of  fourth  east  entry,  off  the  west  slope.  The 
bed  was  4  feet  thick  and  contained  i-inch  band  of  '^  sulphur,"  8}  inches  from  the  top. 
The  top  inch  was  bony  coal.    The  sample  represents  the  entire  thickness  of  the  bed. 

Sample  11589  was  taken  at  the  &ce  of  fifth  east  entry,  off  the  east  slope,  where  the 
bed  was  4  feet  3  inches  thick.  The  sample  represents  4  feet  1^  inches  of  coal.  There 
was  1}  inches  of  bony  coal  above  the  part  sampled. 

Sample  11590  was  taken  at  the  &ce  of  third  east  entry,  off  the  west  slope,  200  feet  be- 
yond room  8.  The  sample  represents  the  entire  thickness  of  the  bed.  The  bed  was 
4  feet  thick,  the  top  inch  was  bony  coal,  and  there  was  a  band  of  ' 'sulphur"  i  inch 
thick,  10  inches  from  the  top. 

A  oompodte  sample  was  made  by  mixing  face  samples  11586  to  11590.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  Laboratory  No.  11591. 

Notes. — The  mine  is  worked  by  the  room-and-pillar  system.  At  the  time  of  sam- 
pling the  coal  was  shot  from  the  solid  with  FF  black  powder.  Only  a  small  proportion 
of  the  coal  was  sold  as  run-of-mine.  About  65  per  cent  of  the  coal  going  to  tjie  screens 
would  pass  through  a  2-inch  screen.  Pickers  were  employed  on  the  cars  and  at  the 
pTniViTig  screens.  There  was  no  washery.  The  four  loading  tracks  had  a  capacity  of 
20  empty  and  20  loaded  cars.  The  output  was  600  tons  a  day;  the  unmined  area  trib- 
utary to  this  opening,  200  acres. 

OREGON. 

COOS  COUNTY. 

West  Fobs.    Fulnigan  Prospect. 

Sample. — Bituminous  coal;  Eden  Ridge  field;  analysis  No.  14828  (p.  66). 

Mine. — ^Flanigan  prospect,  in  NE.  i  sec.  28,  T.  32  S.,  R.  11 W.,  36  miles  southwest 

of  West  Fork  (Dothan  post  office),  on  the  Southern  Pacific  Railway. 

Coal  bed. — ^Anderson.    Tertiary  (Eocene)  age,  Arago  formation. 

The  bed  was  measured  and  sampled  by  M.  R.  Campbell  on  September  24,  1912,  as 

described  below: 

Section  of  coal  bed  in  Fkmigan  prospect 


Laboratory  No 

RooffSbale. 

Coal 

Bone 

Coal 

Coalybonv 

Clav,  white 

Bone 

Coal 

Bone 

Coal,  aoft,  weathered  (not  mined). 
Floor,  clay. 

ThlcknesB  of  bed 

Thickness  of  coal  sampled 


14828 

Ft. 

<n. 

0 

3i 

0 

2 

1 

G 

0 

5 

aO 

2 

0 

8 

oO 

24 

0 

6 

0 

3 

1 

4 

5 

6 

6 

n 

a  Not  included  in  sample. 

Notes. — ^The  sample  was  taken  in  the  entry,  125  feet  from  the  mouth  of  the  entry, 
and  represents  wet  coal. 
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West  Fork.    Hammond  Prospect. 

Sample. — Bituminous  coal;  Eden  Ridge  field;  analysis  No.  14831  (p.  66). 

iftruj.— Hammond  prospect,  in  SW.  J  NE.  i  sec.  29,  T.  32  S.,  R.  11  W.,  37  miles 
southwest  of  West  Fork  (Dothan  post  office),  on  the  Southern  Pacific  Railway. 

Coal  bed. — Carter.    Tertiary  (Eocene)  age,  Arago  formation. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  hy  M.  R.  Campbell  on 
September  26,  1912,  as  described  below: 

Section  of  coal  bed  in  Hammond  prospect. 


Laboratory  No 

Roof,  shale  and  coal. 
Coal 


Bone  and  coal. 
Coal 


Bone  and  coal. 

Coal 

Bone 

Coal 


Floor,  clay. 

lliickneRs  of  bed 

Thickness  of  coal  sampled 


14S31 

Ft. 

in. 

0 

10* 

aO 

8 

0 

7 

oO 

11 

1 

1 

SO 

2 

1 

H 

6 

0 

4 

3 

a  Not  included  In  samite. 

Notes. — The  sample  was  collected  in  the  entry,  100  feet  from  the  drift  mouth,  and 
represents  dry  coal. 

West  Fork.    Hillis  Prospect. 

Sample. — Bituminous  coal;  Eden  Ridge  field;  analysis  No.  14827 and  14830 (p.  66). 

Mine.—HmiB  prospect,  in  SE.  i  NE.  i  sec.  32,  T.  32  S.,  R.  11  W.,  36  miles  south- 
west of  West  Fork  (Dothan  post  ofiice),  on  the  Southern  Pacific  Railway. 

Coal  bed. — ^Anderson.    Tertiary  (Eocene)  age,  Arago  formation. 

The  bed  was  measured  and  sampled  at  two  points  in  the  prospect  by  M.  R.  Campbefl 
on  September  24,  1912,  as  described  below: 


Sections  of  coal  bed  in  Hillis  prospect. 


Laboratory  No 

Roof,  shale. 

doal 

Bone 

Coal 

Bone 

Coal 

Clay,  white 

Coal 

Bone  and  bony  coal 

Coal 

Coal,  soft 

Bone 

Flow,  day. 

Thickness  of  bed 

Thickness  of  coal  sampled 


a  Not  included  in  sample. 

Notes.— "Both  samples  were  taken  in  the  entry,  90  feet  from  the  mouth.     Sample 
14827  represents  wet  coal  and  sample  14830  represents  dry  coal. 

West  Fork.    Vanderpool  Prospect. 

Sample. — Bituminous  coal;  Eden  Ridge  field;  analysis  No.  14829  (p.  67). 
Iftrwj.— Vftnderpool  prospect,  in  NW.  J  NE.  J  sec.  30,  T.  32  S.,  R.  11  W.,  38  miles 
southwest  of  West  Fork  (Dothan  post  office),  on  the  Southern  Pacific  Railway. 
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Coal  bed, — ^Anderson.    Tertiary  (Eocene)  age,  Arago  formation. 
The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  M.  R.  Campbell  on 
September  27, 1912,  as  described  below: 

Section  of  coal  bed  in  Vanderpool  prospect. 


Laboratory  No 

Roof,  shale. 

Coal 

Bone 

Coal 

Bone 

Coal,  good 

Bone 

Clav,  white 

Coal,  hard 

Coal,  soft,  laminated 

Floor,  day. 

Thickness  of  bed 

Thickness  of  coal  samided 


14829 

Ft. 

in. 

aO 

3 

aQ 

7 

0 

2 

0 

1 

1 

7 

«0 

3 

oO 

5 

aO 

9 

al 

9i 

5 

10* 

1 

10 

a  Not  included  in  sample. 

Notes. — ^The  sample  was  taken  in  the  entry,  217  feet  from  the  mouth  of  the  entry,  and 
represents  dry  coal. 

ICALSEUB  COUNTY. 

Nyssa.    Honolulu  Prospect. 

Sample. — Lignite;  analysis  No.  12585  (p.  67). 

Mine. — ^Honolulu  prospect,  in  NE.  }  sec.  2,  T.  22  S.,  R.  44  E.  (unsurveyed),  about 
25  miles  southwest  of  Nyssa,  on  the  Oregon  Short  Line  Railroad. 

Lignite  bed. — ^Not  named .  Tertiary  (Miocene?)  age,  Payette  formation.  Thickness, 
2  feet  4  inches;  variable.  Dip,  about  6**  SW. ;  strike,  N.  37°  W.  The  bed  is  irregular 
in  cbanw:ter.  Roof,  shale;  floor,  clay.  At  an  opening  about  1,000  feet  north  of  the 
point  of  sampling  the  bed  is  cut  by  a  sill  of  basalt  and  in  places  is  metamorphosed 
to  high-grade  coal,  which  occurs  in  small  lenses. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  0.  F.  Bowen  on  July 
24, 1911,  as  shown  below: 

Section  of  lignite  bed  at  Honolulu  prospect. 


Laboratory  No 

Roof,  shale. 

Lignite,  fair 

Lii^te,bony 

Floor,  clay,  sandy. 

Thk*kness  of  bed 

Thickness  of  lignite  sampled 


12585 
Ft.  in, 
0    8 
al    8 

2    4 
0    8 


a  Not  included  in  sample. 

The  sample  was  taken  at  the  mouth  of  the  slope;  the  lignite  was  more  or  less  weath- 
ered. 

PENNSYLVANIA. 

ALLEQHENY  COUNTY. 

Bruceton.    Experimental  Mine. 

5amp&.— Bituminous  coal;  Pittsburgh  field;  analyses  Nos.  11983,  11984,  11985, 
11986,  12251,  12262,  12264,  12274,  12557,  12569,  12572, 12577,  14797,  and  14798  (p.  67). 

Mtu. — ^The  Experimental  mine  of  the  United  States  Bureau  of  Mines  is  a  drift 
opening  in  the  Pittsbuigh  district,  about  1  mile  south  of  Bruceton,  near  the  Baltimore 
A  Ohio  Railroad  siding  at  Wallace  Station. 
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Coal  bed. — Pittsburgh.  Carboniferous  age,  Monongahela  forniation.  Average 
thickness  at  mine,  about  5  feet  3  inches.  The  roof  is  a  '^draw  slate''  10  to  12  inches 
thick,  above  which  there  are  thin  strata  of  coal  and  shale,  overlain  by  shale.  The 
coal  above  the  ''draw  slate  "  adheres  to  the  roof  shale.  The  floor  is  a  fire  clay.  The 
bed  is  practically  horizontal  and  the  cover  at  the  points  where  the  samples  were  taken 
is  15  to  140  feet  thick. 

The  bed  was  measured  «and  sampled  at  three  points  in  the  mine  by  L.  M.  Jones 
on  April  4,  1911,  and  at  nine  points  by  H.  I.  Smith  between  May,  1911,  and  Octo- 
ber, 1912,  as  described  below: 

Sections  of  coal  bed  at  Experimental  mtn<; 

[SECTIONS  A  TO  F.] 


a  Not  included  in  sample. 
[SECTIONS  Q  TO  L.] 


Section. 

A 
11983 
Ft.  in. 

1  8 

"6  "i 
0      f 

*  •      *  • 

0  i 

1  ^ 

0 

0     3 
aO 

•  •         ■  ■ 

2  2 
aO      2i 

5  11 

6  7i 

B 
11984 
Ft.  in. 
3     U 
oO       I 

6    '2i 

•  •         •  • 

•  •        •  • 

aO      1 
1      li 

aO      3 

C 
11985 
Ft.  in. 
2     3 

•  •        •  • 

«  •         •  • 

•  •         •  • 

0       1 

0  6 
aO 

0  2 
aO      1 

0  3 
aO 

1  9 

5  3 

6  i 

D 
12251 
Ft.  in. 
3     3 

■  «         ■  • 

*  •         •  • 

0     3 
aO        1 

0  5{ 

*  •         •  ■ 

1  11 

*  «         ■  ■ 

5    11| 
5    lOl 

E 
12262 
Ft.  in. 
2     8 

■  •         •  • 

•  •         ■  • 

Streak. 

aO      1 

0     3 

aO        } 

•  •        «  • 

2     5 

6     0 
5    UH 

F 

Laboratory  No 

12254 

Roof,  "draw  slate." 

Coal 

Ft.  in. 

2       7 

Shale 

Roft  dirt  and  "miiphur" ...'...".  ...  . 

i*6     i 

Coal ;..: 

Fireclay 

Soft  dirt  and  "sulphur'' 

.-   .- 

CoaL 

0      3 

ph«^l« 

aO         § 
0       3 

CoaL 

Shale 

aO         I 

0  3 
00         } 

1  10} 

Coal 

"Sulphur"  band 

CoaL 

Dirty  coal  and  shale, . 

Floor,  fife  clay. 

Thickness  of  bed 

5      5 

Thickness  of  coal  sampled 

5       2k 

Section. , 

Laboratory  No , 

Roof,  "draw  slate." 

CoaL 

" Sulphur"  or  bone , 

CoaJ 

"  Sulphur"  and  shale . . . . . 

Coal 

"Sulphur" 

Coal 

Shale  binder , 

Coal 

Shale  binder 

Bone 

Coal 

"Sulphur"  balls 

Coal 

Mother  coal 

CoaL 

Bony  coal 

Coal 

Dirty  coal 

Floor,  underclay. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


O 
12557 
Ft.  in. 
1     6 

?  4 


0     J 

0     3 


0 
0 
0 
1 
0 
0 
0 
0 


1 
3 
1 

1 


5      4 
5      4 


H 
12569 
Ft.  in. 

I  1 

1      6 


aO 
0 


0 
0 


0 
aO 

6 
4 


11 


3i 
4 


I 
12572 
Ft.  in. 

0      1 

0  lol 


streak. 
0     2} 
aO     1 


1 


0     U 
0     7{ 


0       i 

0  10 

aO  3 

5  2 

4  10 


J 
12577 
J^.  in. 
1     3 

0  2] 
Streak. 
0  7} 
Streak. 
0  8 
0  i 
0     3 

■   •  mm 

0  1 

0  1 

0  1 

0  10 

0     2} 
Streak. 

0     8 
oO     2 


5     2 
5 


I 


K 
14797 
Ft.  in. 
0     84 


aO 

0 

oO 


i 

7,, 


0  11 

0  i 

0  10 

aQ  I 


0    lOi 


0  J 

1  3i 


5  6) 

6  3 


8 


aO     3 


5 
5 


u 


a  Not  included  in  sample. 


Section  A  (sample  11983)  was  measured  on  the  rib  of  the  first  crosscut,  about  200 
feet  from  the  mouth  of  the  air  course. 

Section  B  (sample  11984)  was  measured  on  the  rib  near  the  face  of  the  air  course, 
390  feet  from  the  mouth  of  the  air  course. 

Section  0  (sample  11985)  was  measured  at  the  face  of  the  main  entry,  345  feet  from 
the  mouth  of  the  main  entry. 
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A  composite  sample  was  made  by  mixing  samples  11983, 11984,  and  11986.  The  re- 
sults of  an  analygL<!  of  this  sample  are  shown  under  laboratory  No.  11986. 

Section  D  (sample  12251)  was  measured  in  the  air  course,  about  75  feet  from  the 
outcrop  at  the  mouth  of  the  air  course. 

Section  E  (sample  12262)  was  measured  on  the  left  side  of  the  air  course,  about  150 
feet  from  the  mouth  of  the  air  course. 

Section  F  (sample  12264)  was  measured  on  the  left  side  of  the  air  course,  about  430 
feet  from  the  outcrop  at  the  mouth  of  the  air  course. 

Section  G  (sample  12557)  was  measured  on  the  right  side  of  the  main  entry,  680 
feet  in  by  the  outcrop. 

Section  H  (sample  12569)  was  measured  on  the  right  side  of  the  nudn  entry,  530  feet 
in  by  the  outcrop. 

Section  I  (sample  12572)  was  measured  on  the  right  side  of  the  main  entry,  580  feet 
in  by  the.  outcrop. 

Section  J  (sample  12577)  was  measured  on  the  right  side  of  the  main  entry,  630  feet 
in  by  the  outcrop. 

Section  E  (sample  14797)  was  measured  in  the  crosscut  off  the  main  entry,  at  station 
E-1250,  3  feet  from  the  main  entry. 

Section  L  (sample  14798)  was  measured  in  the  main  entry  at  station  E-1270. 

Notes. — ^The  Experimental  mine  is  opened  by  parallel  air  course  and  entry,  which 
at  the  time  the  last  samples  were  taken,  were  in  about  1,270  feet.  The  mine  is  used 
for  experiments  made  in  connection  with  investigations  of  the  Bureau  of  Mines. 
No  attempt  is  made  to  produce  coal  to  supply  a  regular  demand.  All  the  coal  is 
shipped  as  run-of-mine. 

Cbbighton.    Hitb  Mine. 

Sample. — ^Bituminous  coal;  Beaver  field;  analyses  Nos.  11130,  11132,  and  11133 
(p.  68). 

Mine. — ^Hite;  a  drift  mine  in  the  Pittsburgh  diBtrict,  at  Creighton,  on  the  Western 
Pennsylvania  branch  of  the  Pennsylvania  Railroad.  The  mine  opening  is  about 
one-eighth  of  a  mile  from  the  Allegheny  Eiver  but  none  of  the  coal  is  shipped  by 
water. 

Coal  beds. — ^Upper  Freeport  or  E  and  Lower  Freeport  or  I),  of  the  State  Greological 
Survey.  Carboniferous  age,  Allegheny  formation.  At  this  mine  the  beds  are  sepa- 
rated by  less  than  1  foot  of  bony  coal.  Average  thickness  about  5  feet  10  inches. 
The  coal  outcrops  on  a  hillside  and  lies  practically  level;  slight  variations  of  dip  are 
due  to  local  rolls.  The  face  cleavage  strikes  approximately  northeast  and  the  butt 
cleavage  about  southwest.  The  coal  is  of  good  quality.  The  immediate  roof,  a  hard 
gray  shale,  is  overlain  by  about  1  foot  6  inches  of  cannel  coal.  The  floor  is  a  smooth 
hard  fire  clay.  The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by 
L.  M.  Jones  and  J.  J.  Rutledge  on  October  28, 1910,  as  described  below: 

Sections  oj  coal  bed  in  Hite  mine. 


Sectiiaa 

Laboratory  No 

Roof,  eannel  coal. 

Coal,  clean  and  bard , 

Mother  coal 

Coal 


Cod,  bony. 
Coal , 


Floor,  fire  clay. 

Thickness  of  bed. 


Thickness  of  coal  sampled. 


A 

B 

11130 

11132 

Ft.  in. 

Ft.  in. 

*  «         ■  • 

0     4 

mm             •   ■ 

0      i 

2      4 

2     2 

aO    11 

a  0      8 

2      7 

2      8i 

5    10 

5    11 

4    11 

5     3 

a  Not  included  in  sample. 
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Section  A  (sample  11130)  was  taken  at  the  face  of  room  17,  off  fint  butt  entry, 
about  8,000  feet  west  of  the  mine  mouth. 

Section  B  (sample  11132)  was  taken  at  the  face  of  room  18,  off  third  butt  entry 
9,000  feet  from  the  mine  mouth. 

A  grab  sample  of  the  cannel  coal,  1  foot  3  inches  thick,  from  above  the  coal  mined 
was  taken  at  the  intersection  of  the  line  entry  and  main  entry  1,  for  approximate 
analysis  of  which  see  Laboratory  No.  11133. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling 
the  tipple  had  screens,  and  there  was  trackage  for  25  or  30  can.  The  daily  output 
was  about  350  tons.    The  mine  is  old,  having  been  in  operation  about  30  or  40  years. 

Oak  Station.    Oak  Minb. 

Sample, — ^Bituminous  coal;  Pittsburgh  field;  analysis  No.  10845  (p.  68). 

Mine. — Oak,  a  drift  mine  at  Oak  Station  in  the  Pittsbuigh  district,  on  the  Castle 
Shannon  (narrow  gage)  railroad,  a  short  distance  south  of  Pittsburs^. 

Coal  bed. — Pittsbuigh.  Carboniferous  age,  Allegheny  formation.  Average  thick- 
ness, 5  feet  4  inches.  The  roof,  a  ^^draw  slate''  about  12  inches  thick,  is  overlain 
with  12  inches  of  bony  coal  with  a  sandstone  cap  rock.  The  floor  at  the  point  of 
sampling  is  limestone.  The  coal  lies  practically  level.  Cover  at  point  of  sampling, 
85  feet.  The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  L.  M.  Jones 
on  September  9,  1910,  as  described  below: 

Section  of  coal  bed  in  the  Oak  mine. 


L<aborat(X7  No 

Roof,  "draw  slate." 
Coal 


10S45 
FL  i«. 


"  Sulphur ' '  band «0  l 

Coal 2  11 

"  Sulphur "  band «0  | 

Coal 


*' Sulphur"  band 

Coal 

Floor,  limestone. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


1 

5 
5 


I* 


a  Not  included  in  sample. 

This  section  (sample  10845)  was  measured  in  room  10,  off  left  entry  13,  5,300  feet 
north  of  the  mine  mouth. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling 
the  coal  was  undercut  with  punching  machines  and  shot  down  with  FF  black  powder. 
The  mine  was  equipped  for  producing  400  tons  a  day;  about  60  per  cent  of  the  output 
was  from  advance  workings,  the  remainder  from  pillars.  When  the  pillars  were 
robbed  the  recovery  amounted  to  about  90  per  cent  of  the  coal.  All  of  the  coal  waa 
screened  over  If-inch  bar  screens;  the  screenings  amounted  to  about  30  per  cent  of 
the  output. 

BBDFOBD  COUNTY. 

Hopewell.    Cambria  No.  3  Mine. 

Sample. — Semibituminous  coal;  Broadtop  field;  analyses  Nos.  15055,  15056,  15057, 
15058,  15059,  and  15060  (pp.  68,  69). 

Mine. — Cambria  No.  3,  a  shaft  mine  2  miles  east  of  Hopewell,  on  the  Huntingdon 
&  Broadtop  Hailroad. 

Coal  bed. — Upper  Freeport,  locally  known  as  the  Kelley.  Carboniferous  age,  Alle- 
gheny formation.    Thickness,  3  to  5  feet,  average  4  feet.    There  is  about  6  inches  of 
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''dzaw  elate"  above  the  coal.  Boof,  smooth  shale;  floor,  smooth  brittle  underclay, 
particleB  of  which  sometimes  were  mixed  with  the  coal  in  loading.  Cover  at  points 
of  sampling,  225  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  H.  I.  Smith  on 
November  8  and  9,  1912,  as  described  below. 

Sections  of  coal  bed  in  Cambria  No.  S  mine. 


Sectkm 

Lab<»«toryNo 

Roof,  sbale  and  "draw  slate." 

Coal 

Sbale 

Coal 

Mother  eoal and  "sulphur". 

Coal 

Coal,  bard,  gray 

Coalybndcen 

Coal 

Coal  and  broken  sbale  mixed . 

Coal,  bony 

Coal,  soft,  brittle 

Coal 

"Sulphur" 

Coal,  bony 

Coal 

Shale 

Coal 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled. . . 


A 

B 

c 

D 

'     150S5 

15056 

16057 

15068 

Ft.    in. 

Ft.    in. 

Ft.    in. 

Ft.    in.  ' 

n 

oO    44 
aO     { 

1    4 

1    4 

■  •         •  • 

mm             •  ■ 

0    6 

0    i 

1    7 

•  •         •  • 

mm  •  • 
•  •             •  ■ 

0    2l 

0  z\ 

0    2 

'6  4' 

0  si 

0    4 

*6    8* 

0    6 

'6  si 

0    2| 

•  •        •  • 

0    3 
0    7\ 

0    3} 

0    5 

•  a           •  • 

•  •         •  • 

mm           •  • 

SI 

•  •         •  • 

0    81 
StreidL 

1    2 

*  w             mm 

•  «            ■  • 

•  •         ■  « 

a   «             •  ■ 

0     i 

0  ^ 

1    5 

0    4 

0    5 

aO    1 

«  «         •  • 

0    3 

•  •          •  • 

0    4 

mm             •  ■ 

0    4i 

0    0 

3  101 
3    91 

JiJ 

3    lU 

3  n\ 

3  m 

3    111 

E 
15059 
Ft.    in. 
1    ^ 


0    0} 


0    8| 
Streak. 

i  6' 

■  •      •  • 

0    0 


3 
3 


l\ 


a  Not  included  in  sample. 

Section  A  (sample  15055)  was  measured  at  the  face  of  room  7  off  second  heading, 
7,000  feet  northeast  of  the  shaft. 

Section  B  (sample  15056)  was  measured  near  the  face,  600  feet  to  the  right  from  top 
of  third  plane,  5,100  feet  northeast  of  the  shaft. 

Section  G  (sample  15057)  was  measured  at  the  face  of  second  heading,  7,300  feet 
northeast  of  the  shaft. 

Section  D  (sample  15058)  was  measured  at  the  face  of  third  heading,  7,400  feet 
northeast  of  the  shaft. 

Section  £  (sample  15059)  was  measured  at  a  point  200  feet  from  face  of  fourth 
heading,  7,000  feet  northeast  from  shaft. 

A  composite  sample  was  made  by  combining  face  samples  15055,  15056,  15058,  and 
15059.  The  results  of  an  ultimate  analysis  of  this  sample  is  given  imder  laboratory 
No.  15060. 

Notes. — ^The  room-and-piUar  system  of  mining  is  employed.  At  the  time  of  sam- 
pling the  coal  was  undercut  by  hand  and  shot  down  by  FFF  black  powder.  All 
coal  was  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars  in  loading. 
There  were  two  tracks  with  a  capacity  of  32  empty  ca»  and  32  loaded  cars. 


OAMBBIA  OOUNTY. 

Babnesbobo.    Allpobt  Mine. 

iSampfo.— Bituminous  coal;  Windber  field;  analyses  Nos.  12221,  W19738,  W19739, 
W19740,  W19741,  W19742,  and  W19743  (p.  69). 

Mine. — ^Allport,  a  drift  mine  in  the  Clearfield  district,  1  mile  east  of  Bamesboro,  on 
the  Pennsylvania  Railroad. 

Coal  beds.— Lower  Freeport  or  D  and  Upper  Freeport  or  E.  Carboniferous  age, 
Allegheny  formation.  Average  thickness  of  D  bed,  4  feet  5  inches;  of  E  bed,  3  feet 
7  inches.    Each  bed  has  a  roof  of  smooth  shale  and  a  floor  of  smooth  hard  fire  clay. 
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The  D  bed  was  meafiured  and  sampled  at  three  pointei  in  the  mine  and  the  £  bed  at 
three  points  by  P.  M.  Biefkin  on  April  26, 1911,  as  described  below: 

Sections  of  D  bed  in  Allport  mine. 


Seotion 

LAbontoryNo 

Roof,  shale. 

Caonelooal 

Coal 

Mother  ooal 

Coal 

"Sulphur"  and  mother  ooal 

Coal 

Hard  ooal 

Coal 

Shale 

Coal 

Floor,  hard  fire  clay  (''  bastard  slate"). 

Tniokness  of  bed 

Thtokness  of  ooal  sampled 


A 
Wig740 
Ft.   <». 
«0     1 

0    10 

0 

0    10 

0 


0 
0 
0 

«o 

1 


1  tt 


B 
W19741 
Ft.   in. 

?  i» 

0 
0 
0 
0 
0 

1 

aO 
0    HI 


4    i 
4 


Si 


c 

W19743 
FL    in, 

0      2k 
0    10 


H 

1 

1 


1 

0 

1 


lit 


4      8 
4       «i 


«  Not  inoluded  In  sample. 

Section  A  (sample  W19740)  was  measured  at  the  face  of  left  entry2,  off  heading  9, 
off  the  main  heading,  6,250  feet  southeast  of  the  mine  mouth. 

Section  B  (sample  W19741)  was  measured  on  the  rib  in  room  7,  left  entry  2,  off  ftght 
entry  9,  off  the  main  heading,  6,250  feet  southeast  of  the  mine  mouth. 

Section  C  (sample  W19742)  was  measured  at  the  face  of  right  entry  9,  off  the  main 
heading,  6,950  feet  southwest  of  the  mine  mouth. 

SectUms  ofE  bed  in  AUport  nUne. 


Section 

Laboratory  No 

Roof,  shale. 

Coal,  bony 

Coal 

"  Sulphur"  and  mother  coal 

Coal 

Mother  ooal 

Coal,  hard 

Coal,  bony 

Coal 

Floor,  hard  fire  olay  ("bastard  slate"). 

Thtokness  of  bed 

Thtokness  of  ooal  sampled 


A 

B 

W19738 

W10738 

Ft,   in. 

Ft.   in. 

aO       } 

•  *         •  • 

0    11 

1      1 

•?  4 

0  i 
0     6 

Streak. 

Streak. 

0     5 

1     1 

•0     n 
0  loI 

«0  1 
0     0| 

3      8f 

8     7 

3     0 

S     0 

c 

W1«74S 
Ft.    in, 

■  *  mm 

1         % 

?  4 

0      3 
0    1Q| 


«  Not  moluded  in  sample. 

Section  A  (sample  W19738)  was  measured  at  the  face  of  third  right  entry,  off  the 
main  heading,  3,700  feet  southeast  of  the  mine  mouth. 

Section  B  (sample  W19739)  was  measured  at  the  face  of  the  main  slant  off  the  main 
entry,  3,700  feet  southeast  of  the  mine  mouth. 

Section  G  (sample  W19743)  was  measured  600  feet  in  on  the  second  panel  from  the 
main  slant  off  the  main  entry,  2,800  feet  south  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W19740,  W19741,  and 
W19742.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under 
laboratory  No.  12221. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  with  compressed  air  punch- 
ers  and  broken  down  with  FFFF  black  powder.  AU  the  coal  was  shipped  as  run-of- 
mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading  track 
at  the  tipple  with  a  capacity  of  18  empty  and  19  loaded  cars.  The  mine  had  a  capa- 
city of  900  tons  a  day  with  an  average  daily  output  of  700  tons,  60  per  cent  of  which 
was  from  advance  workings.    It  was  expected  that  the  output  would  be  increased 
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to900  tos8 
and  370 
tipple. 


day.    There  was  approximately  235  acres  of  unmined  coal  in  the  D  bed 
in  the  E  bed.    Tlie  coal  from  both  beds  was  loaded  over  the  same 

Babnxsbobo.    Otvbria  Minb. 


Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  W20394,  W20395, 
W20444,  W2(M45,  W20446,  and  12372,  (p.  68). 

lime, — Cymbria,  a  shaft  mine  in  the  Clearfield  district,  1}  ndles  east  of  Bames- 
boro,  on  the  Walnut  Run  branch  of  the  Pennsylvania  Railroad. 

Coal  bed, — Lower  Kittanning,  MiUer,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  2  feet  10  inches.  Roof,  shale  3  to  18  feet  thick,  overlain 
by  bony  coal  and  sandstone;  floor,  smooth  hard  Gie  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  W.  Miller  on 
June  8, 1911,  as  described  below: 

Sections  of  coal  bed  in  Cynibria  mine. 


SeotSon , 

LabontOTNo 

Roof,  sandstone,  bony  ooal,  and  shale. 

Coal , 

MoClierooal,  soft 

"Snlptaar" 

Coal 

"Sulphnr" 

Coal 

"Sulphur" 

Coal 

Floor.  Ura  olay. 

Tniolmess  of  bed 

Thiolmess  of  ooal  sampled. 


A 
W203M 
Ft.    in. 
0     2} 


U 


2    11 
2 


SI 


B 

W209&6 

FL    in. 

2      0 

0       i 

•  •         •  • 

0      7 


2 
2 


?l 


C 
W20444 
Ft.    in. 
0      41 


aO 
0 
0 
0 
0 
0 

2 
2 


7 


10 


Jf 


D 

W20446 

FU    in. 

1     0 


2     5 
2     6 


E 
W20M6 
Ft,    in, 

2   U 


2   11 
2   11 


a  Not  Included  tn  sample. 

Section  A  (sample  W20394)  was  measured  at  the  face  of  second  right  entry,  about 
1,000  feet  southwest  of  the  shaft. 

Section  B  (sample  W20395)  was  measured  near  the  face  of  room  18,  off  second  left 
entry,  about  1,200  feet  northeast  of  the  shaft 

Section  C  (sample  W20444)  was  measured  at  the  face  of  the  main  heading,  1,900 
feet  from  the  shaft. 

Section  D  (sample  W20446)  was  measured  at  the  face  of  third  left  entry,  about 
1,400  feet  northeast  of  the  shaft. 

Section  E  (sample  W20446)  was  measured  at  the  face  of  third  right  entry,  about 
1,200  feet  southeast  of  the  shaft. 

A  composite  sample  was  made  by  combining  face  samples  W20394,  W20395, 
W20444,  W20445,  and  W20446.  The  results  of  an  ultimate  analysis  of  this  sample 
are  given  tmder  laboratory  No.  12372. 

Notes. — ^At  the  time  of  sampling  the  coal  was  imdercut  with  machines  and  shot 
down  with  FFFF  black  powder.  There  were  no  screens,  the  entire  output  being 
shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was 
one  loading  track  at  the  tipple  with  a  capacity  of  48  cars.  The  mine  had  a  capacity 
of  300  tons  a  day  and  an  average  daily  output  of  150  tons,  all  from  advance  workings. 
There  were  between  600  and  700  acres  of  unmined  coal. 

Barnesboro.    Ctmbria  No.  1  Minb. 

Sample.— BitxaninonB  coal;  Windber  field;  analyses  Nos.  12162,  12163,  12164, 
12165,  12170,  and  12171  (p.  70). 

Mine. — Cymbria  No.  1,  a  slope  mine  in  the  Clearfield  district,  2  miles  east  of  Barnes- 
boro, on  the  CresBon  division  of  the  Pennsylvania  Railroad. 

47e84*— Bull.  86—14 ^18 
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Coal  bed. — Lower  Freeport  or  D;  CarbomleiouB  age,  Allegheny  formation.  Aver- 
age thicknees,  3  feet  6  inches.  Roof,  smooth  dark  shale;  floor,  hard  smooth  clay. 
Material  from  the  roof  and  floor  did  not  become  mixed  with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  on  April  28,  1911, 
and  at  two  points  on  May  1,  1911,  by  H.  I.  Smith,  as  described  below: 


Sections  of  coal  bed  in 

Cymbria  No.  1  mine. 

Seotion 

A 

12162 
Ft.   in. 
ftO     2 

1     0 

6  io 

aO       i 
0     5 

0  io| 

a'b    *i 
ftO        i 
0    11 

4      5 
4      1 

B 

12163 

Ft.  in. 

aQ      1 

0  Si 
aO        i 

1  0 
aO        i 

1      3 

•  •         •  • 

•  •         *  • 

ftO     u 
«0      If 

•  •          •  • 

0     7 

1% 

C 
12164 

Ft.    in. 

aO     Qi 
2     0 

•  •      •  • 

ft  6  "i 

'6  ill 

4      7| 
4      31 

D 
12170 

Ft.   in. 

ftO     2 
1    10 
0       i 

•  •         •  • 

•  •         •  • 

0    s 

0  1 

1  0 

a'b  'ii 

*6     8 
8    lo| 

B 

Laboratory  No 

12171 

BooLsaiMiBtoiie  and  dark  shale. 

Bony  shale ........................  .  ....  .  .... 

Ft.    to. 
ftO      2 

Coal. 

S      Sk 

Mother  coal  and  "  solphor  " 

Coal 

"SulDhur  "  and  mother  coal 

Coal !!i!i;..; !;.....;... 

Coal,  bony 

Coal./ ..  ;                     .      . 

Coal 

"  Mining  »ilAt»".,                                   

a'b     "** 

Coal 

Coal 

0   loi 

Floor,  hard  clay. 

Thioiniem  ft' b«l . ...... .s 

*  1 

T)i((f)rnfMiTnf<yHilfKinipled      .... 

ft  Not  included  In  sample. 

Section  A  (sample  12162)  was  measured  at  the  face  of  the  first  crosscut  off  left 
entry  2,  5,500  feet  from  the  mine  mouth. 

Section  B  (sample  12163)  was  measured  at  the  face  of  the  eighth  right  off  left 
entry  2,  about  4,000  feet  from  the  mine  mouth. 

Section  C  (sample  12164)  was  measured  at  the  face  of  the  first  left  off  left  entry  2, 
4,000  feet  from  the  mine  mouth. 

Section  D  (sample  12170)  was  measured  at  the  face  of  the  third  right  off  the  second 
main  entry,  about  3,200  feet  northeast  of  the  mine  mouth. 

Section  E  (sample  12171)  was  measured  at  the  face  of  the  second  left  off  the  main 
heading,  2,900  feet  northeast  of  the  drift  mouth. 

A  composite  sample  was  made  by  combining  face  samples  12162,  12163,  12164, 
12170,  and  12171.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under 
laboratory  No.  12165. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  chain  machines  and  also 
by  hand.  The  undercut  coal  was  broken  down  with  FFFF  black  powder.  A  permis- 
sible explosive  was  used  for  brushing  the  roof  and  floor.  All  of  the  coal  was  shipped 
as  run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  The  tipple  had  two 
loadii^  tracks,  with  a  capacity  of  25  empty  and  35  loaded  cars.  The  coal  from 
Cymbria  No.  1  and  Cymbria  No.  2}  mines  went  to  the  same  tipple,  and  the  combined 
capacity  of  the  two  mines  was  800  tons  a  day  with  an  average  daily  output  of  600 
tons,  66  per  cent  of  which  was  from  advance  workings  and  the  remainder  from  pillars. 
There  was  approximately  175  acres  of  unmined  coal. 

Barnesbobo.    Ctmbbia  No.  2}  Mine. 

iSampZ^.— Bituminous  coal;  Windber  field;  analyses  Nos.  12158,  12159,  12100, 
12161,  12172,  and  12173  (pp.  70, 71). 

Mine. — Cymbria  No.  2),  a  slope  mine  in  the  Clearfield  district,  2  miles  east  of 
Bamesboro,  on  the  Cresson  division  of  the  Pennsylvania  Railroad. 

Coal  bed. — ^Upper  Freeport  or  E.  Carboniferous  age,  All^heny  formation .  Average 
thickness,  3  feet  6  inches.  Roof,  a  dark,  smooth  shale,  above  which  is  a  sandstone 
cap  rock;  floor,  a  smooth,  hard  clay. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  H.  I.  Smith  on 
April  28,  1911,  and  at  two  points  on  May  1, 1911,  as  described  on  the  following  page. 
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Sections  of  coed  bed  in  Cymhiria  No.  Si  mine. 


Section 

Ijaboratorr  No 

RooL  sandstone,  shale. 

Coal,  bony 

Coal 

Coal,  hoay 

Coal  (brittle) 

"Sulphur"  and  mother  coal 

Cool  (firm) 

Mother  coaL 

Coal 

Coal 

"Slate  binder" 

Coal 

Coal 

Floor,  hard  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled . . 


A 

12158 
Ft.    in. 

•  •        •  • 

B 

121fi9 

Ft.    in. 

C 

i2ieo 

Ft.    in. 
0     2 

D 

12172 

Ft.    in. 

mm          •  • 

•  •        •  • 

1    ft 

u 

•   •               •   B 

1      9 

'6  ii 

0       i 

0     4 

0      k 

0  10 
aO        h 

1  U 

•  •           •  • 

aO        i 

1      6 

;  1 

a'b  i' 

0    9 

a'b    i 

aO       I 
aO      1 
0      9 

•  •         •  • 

•  0        i 
aQ      1} 

•  •             mm 

aO      2 

•  •         •  * 

0    10 

l^ 

3      7) 
3      5 

?    ^ 

1  H 

E 

12178 

Ft.    in. 


I 


aO  I 

0  3 
0 

1  7 
0 

0  10 


I 


aO      1 

•  •         •  • 

0    101 


3 
3 


9i 

8 


a  Not  included  in  sample. 

Section  A  (sample  12158)  was  measured  at  the  face  of  left  entry  2,  about  2,000  feet 
from  the  mine  mouth.  } 

Section  B  (sample  12159)  was  measured  at  the  face  of  room  12  off  the  main  heading, 
2,200  feet  from  the  mine  mouth. 

Section  0  (sample  12160)  was  measured  at  the  face  of  the  third  left  main  heading. 

Section  D  (sample  12172)  was  measured  at  the  face  of  room  6  off  the  main  heading, 
1,500  feet  southwest  of  the  mine  mouth. 

Section  E  (sample  12173)  was  measured  at  the  face  of  room  8  off  the  second  left  head- 
ing, 1,200  feet  southwest  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  12158,  12159,  12160, 
.12172,  and  12173.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under 
laboratory  No.  12161. 

Notes. — ^As  Cymbria  No.  1  mine  and  Oymbria  No.  2^  mine  use  the  same  tipple,  the 
notes  on  Cymbria  No.  1  are  applicable  to  Cymbria  No.  2^. 

Barnesboro.    Empire  A  Mike. 

^amp2«.— Bituminous  coal;  Windber  field;  analyses  Nos.  12212,  W19643,  W19644, 
W19645,  W19646,  W19647,  and  W19648  (p.  71). 

Mine. — Empire  A,  a  drift  mine  in  the  Clearfield  district,  three-fourths  of  a  mile  west 
of  Barnesboro,  on  the  New  York  Central  and  the  Pennsylvania  Railroad. 

Coal  bed. — ^Lower  Freeport  or  D.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  4  feet  4  inches.  Roof,  shale;  between  the  shale  and  the  coal  is  a 
Btratum  of  cannel  coal  about  2  inches  thick.  Floor,  hard  smooth  fire  clay.  Material 
from  the  roof  and  floor  did  not  become  mixed  with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  P.  M.  Riefkin  on 
April  28, 1911,  as  described  below: 

Sections  of  coal  bed  in  Empire  A  mine. 


Section 

Laboratory  No. 

Roof,  shale. 

Cannel  ooaL 

CoaL 

Coal,  bonv,  and  shale 

Coal,  hard,  gray 

CoaL 

Mother  coal 

CoaL 

Mother  coal 

CoaL 

Shale 

CoaL 

Floor,  hard  fiie  clay. 

Toickneas  of  bed 

Thickness  of  coal  sampled. 


A 

B 

C 

D 

£ 

W19643 

W19644 

W19645 

W19646 

W19647 

Ft.  in. 

Ft.    in. 

Ft.    in. 

Ft.    in. 

Ft.    in. 

aO    2 

aO      2 

aO      U 

aO     2 

aO    1 

0    7 

0      ^ 

0      7 

0      8 

0    M 
OO      f 

aO    H 

•  ■         •  ■ 

•  «         •  • 

oO       i 

•  «         •  • 

0      1 

•  «         ■  • 

•  .     • . 

■  •         •  ■ 

1    2 

1    10 

•  ■         •  • 

I  1 

0    6} 

0 

0      i 

Streak. 

Streak. 

0    8 

1    1 

2      2 

0    10 

»1 

0    2] 

0 

•  «          •  • 

0      i 

0 

0    9 

■  ■          «  • 

0      7 

0      7 

OO    1 

aO      1} 

aO        } 

aO 

oO    1 

0    8) 

0    11 

0    10 

0      8{ 

0    8 

n 

4      61 
4      3 

1  5 

\  1 

3    9 

F 

W10648 

Ft.    in. 

aO     2 

0     7 

aO      1 


1 
0 
1 


0 


4 
4 


i4 

"i 


a  Not  Included  In  sample. 
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Section  A  (sample  W19643)  was  measured  in  room  1  off  left  entry  5  off  new  parallel 
heading,  14,000  feet  northwest  of  the  drift  mouth. 

Section  B  (sample  W19644}  was  measured  near  the  face  of  room  4  off  old  first  left 
heading  off  the  main  entry,  2,000  feet  northwest  of  the  drift  mouth. 

Section  C  (sample  W1964d)  was  measured  at  the  comer  of  the  back  heading  on  ri^t 
entry  3  off  the  old  parallel  heading,  3,000  feet  northeast  of  the  drift  mouth. 

Section  D  (sample  W19646)  was  measured  40  feet  from  the  face  of  the  parallel  head- 
ing off  the  main  entry,  9,000  feet  northeast  of  the  drift  mouth. 

Section  E  (sample  W19647)  was  measured  at  the  face  of  room  24  off  left  entry  14  off 
the  main  entry,  11,000  feet  northwest  of  the  drift  mouth. 

Section  F  (sample  W19648)  was  measured  at  the  face  of  room  17  off  left  entry  3  off 
the  new  parallel  heading,  14,000  feet  northwest  of  the  drift  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W19643  to  W19648,  in- 
clusive. The  results  of  an  ultimate  analysis  of  this  sample  are  shown  tmder  laboratory 
No.  12212. 

Notes. — ^At  the  time  of  sampling  the  coal  was  imdercut  by  compressed-air  pimchen 
and  broken  down  with  FFFF  black  powder.  There  was  one  loading  track  at  the 
tipple,  and  the  entire  production  was  shipped  as  run-of-mine.  Pickers  were  em- 
ployed on  the  car  in  loading.  The  mine  had  a  capacity  of  about  1,000  tons  a  day, 
with  an  average  daily  output  of  625  tons,  75  per  cent  of  which  was  from  advance  work- 
ings.   There  were  approximately  750  acres  of  unmined  coal . 

Beaverdale.    Pennsylvania  No.  15  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12174,  12175,  12176, 
12177,  12178,  and  12179  (p.  71). 

Mine. — Pennsylvania  No.  15,  a  shaft  mine  in  the  Clearfield  district,  at  Beaverdale, 
on  the  South  Fork  branch  of  the  Pennsylvania  Railroad. 

Coal  bed. — ^Lower  Kittanning  or  B ;  Carboniferous  age,  Allegheny  formation.  Thick- 
ness, 3  feet  to  3  feet  8  inches;  dip,  3°  north.  Roof,  bony  coal,  5  inches  thick,  with 
sandstone  cap  rock;  floor,  hard  smooth  fire  clay.  Material  from  the  roof  and  floor  did 
not  mix  with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  G.  Borden  on 
May  1,  1911,  as  described  below: 

Sections  of  coal  bed  in  Pennsylvania  No.  15  mine. 


Section 

A 

12174 

Ft.    in. 

0      2 

?      7* 

Streak. 

0      4 

3      3 
3      3 

B 

12176 
Ft.    in. 

2     9 
I     7* 

\     11 

c 

12176 
Ft.    in. 

«  •         •  • 
■  •         •  • 

•  •             m  • 
mm              •  • 
«    «               •    ■ 

3      4 

•  •         •  • 

3      4 
3      4 

D 
12177 
Ft.    in. 
0     H 

streak. 
3       i 

•  «           ■mm 

3     3| 
3      3) 

E 

Liabomtory  No 

1217» 

Roof,  sanastxme,  and  bony  coal. 

Coal 

Ft.    in 

0     « 

Mother  coal 

Coal 

Coal,  my 

*  *  Sulpiiur  " 

0    U 

Coal 

a    ft 

Mother  coal 

Coal 

Floor,  hard  Are  clay. 

Thickness  of  bed 

3      1 

Thioknetw  of  coal  sa»npl«Ml , , . 

3     1 

Section  A  (sample  12174)  was  measured  near  the  face  of  the  first  slant  off  right 
heading  6  off  the  first  dip  off  the  main  entry. 

Section  B  (sample  12175)  was  measured  at  the  face  of  the  sump  for  the  main  dip, 
off  left  heading  4  off  the  first  dip  off  the  main  entry. 

Section  C  (sample  12176)  was  measured  at  the  face  of  the  first  slant  off  right  heading 
4  off  the  first  dip  off  the  main  entry. 

Section  D  (sample  12177)  was  measured  at  the  face  of  the  first  slant  off  right  head- 
ing 3  off  the  first  dip  off  the  main  entry. 
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Section  E  (sample  12179)  is  a  pillar  sample  taken  in  room  23  off  right  heading  3 
off  the  first  dip  off  the  main  entry. 

A  compoflite  sample  was  made  by  combimng  face  samples  12174  to  12177,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12178. 

Notes. — The  shaft  is  624  feet  deep.  At  the  time  of  sampling  the  coal  was  undercut 
with  compressed-air  punching  machines  and  broken  down  with  black  powder. 
Dynamite  was  used  for  brushing  the  roof  and  floor.  All  of  the  coal  was  shipped 
as  run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  were  two  load- 
ing tracks  at  the  tipple  with  a  capacity  of  25  empty  and  22  loaded  cars.  The  daily 
output  was  450  tons,  about  80  per  cent  of  which  was  from  advance  workings. 

Bens  Creek.  Bens  Creek  No.  1  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  12211,  W19697, 
W19700,  W19702,  W19736,  and  W19737  (p.  72). 

Mine. — Bens  Creek  No.  1,  a  shaft  mine  in  Portage  township,  1  mile  east  of  Bens 
Creek,  on  the  Bens  Creek  branch  of  the  Pennsylvania  Railroad. 

Coal  bed. — ^Lower  Kittanning,  Miller,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  3  feet  6  inches.  Roof,  hard  gray  smooth  shale;  floor,  smooth 
hard  shale,  underlain  by  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  W.  Miller  on 
May  2,  1911,  as  described  below: 

Sections  of  coal  bed  in  Bens  Creek  No.  1  mine. 


Sectkn 

Labomtory  No 

Roof,  shale  and  bony  coal. 

Coal 

"Sulfur"  streak 

Coal 

"Sulphur"  streak 

Coal 

Floor,  shale  and  fin  olay. 

llkkskness  of  bed 

ThiokneBS  of  coal  sampled 


A 

B 

C 

D 

W19(»7 

W19700 

W19702 

W19736 

Ft.    in. 

Ft.    in. 

Ft.    in. 

Ft.    in. 

2  0 

1   9} 

m  »             ■  • 

•  •    «  « 

?  4 

0   } 

V  •      •  ■ 

mm               mm 

0   7l 
0  i 

0   8 

3   9 

3   4 

■  ■      m    • 

«  •    •  • 

3   U 
3  61 

3   U 
3   IJ 

3   9 
3   9 

3   4 
3   4 

3      7f 
3     7} 


Section  A  (sample  W19697)  was  measured  on  the  barrier  pillar  on  No.  2  sidetrack, 
100  feet  from  room  21  and  3,200  feet  southwest  of  the  old  main  heading. 

Section  B  (sample  W19700)  was  measured  on  the  pillar  on  No.  1  sidetrack  between 
the  manway  and  room  1,  1,200  feet  southwest  of  the  shaft. 

Section  C  (sample  W19702)  was  measured  on  the  main  pillar  of  the  old  main  heading, 
900  feet  southwest  of  the  shaft. 

Section  D  (sample  W19736)  was  measured  at  the  fs^e  of  heading  6,  off  the  first  dip, 
700  feet  southeast  of  the  shaft. 

Section  E  (sample  W19737)  was  measured  on  the  pillar  of  heading  1,  between  rooms 
27  and  28,  2,700  feet  southwest  of  the  ehaft. 

A  composite  sample  was  made  from  face  samples  W19697,  W19700,  W19702,  and 
W19737.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  labora- 
tory No.  12211. 

Notes. — ^At  the  lime  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
black  powd  er .  There  were  no  screens,  the  entire  output  being  shipped  as  run-of -mine . 
Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading  track  at  the 
tipple  with  a  capacity  of  24  cars.  The  mine  had  a  capacity  of  230  tons  a  day  and  an 
average  daily  output  of  about  225  tons,  all  from  pillar  workings. 
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Bens  Creek.    Pekkbtlyania  No.  2  Mine. 

Sample. — Semibituminoufl  coal;  Windber  field;  analyses  Nos.  WI9695,  W19G96, 
Wl%98,  W19e99,  W19701,  and  12222  (pp.  72, 73). 

Mine. — Pennsylvania  No.  2,  a  slope  mine  1  mile  south  of  Bens  Creek,  on  the  Bens 
Creek  branch  of  the  Pennsylvania  Bailroad. 

Coal  bed, — Lower  Eittanning,  Miller,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  3  feet  6  inches.  Hoof,  shale  overlain  by  sandstone  cap  rock; 
floor,  smooth  shale  underlain  by  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  £.  W.  Miller  on 
May  1,  1911,  as  described  below: 

Sections  of  coal  bed  in  Pennsylvania  No.  t  wine. 


Section 

Laboratory  No 

Roof,  sandstone,  shale,  and  bony  coal. 

Coal 

Mother  coal,  basd 

Coal 

"Sulphur  "  streak 

Coal 

"Sulphur"  streak 

Coal ^ 

"Sulphur"  ball 

Coal 

Shale 

Coal 

Floor,  shale  and  fire  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


A 

W196e5 
Ft.  in. 
1      6 

0       1 

0     & 

aO 

0 
aO 

0 
aO 

0 


ft 
1 


B 

W19Q96 
Ft.  in. 


3      M 
3      71 


1 
0 
0 
0 
0 
0 
0 


aO 
0 

3 
3 


9 
7} 


C 
W 19688 
Ft.  in. 

1  3 

0       J 

2  4 


3 
3 


l\ 


D 
W19Q89 
Ft.  in. 

1  0 

2     J 

2  44 


3      5 
3      5 


W 19701 
J^.  in. 

1      2i 

s  ' 


0 
0 
0 

1 


6 

i 
3! 

i 
5 


S      6} 
3      6i 


a  Not  included  in  sample. 

Section  A  (sample  W19695)  was  measured  at  the  face  of  heading  19, 4,100  feet  north> 
east  of  the  drift  mouth. 

Section  B  (sample  W19696)  was  measured  on  the  pillar  between  rooms  14  and  15 
off  main  heading  4,  2,900  feet  northwest  of  the  drift  mouth. 

Section  0  (sample  W19698)  was  measured  on  the  pillar  between  rooms  2  and  3  off 
butt  entry  17,  3,900  feet  north  of  the  drift  mouth. 

Section  D  (sample  W19099)  was  measured  ^n  the  pillar  between  rooms  1  and  2  off 
butt  entry  16,  3,900  feet  north  of  the  drift  mouth. 

Section  E  (sample  W19701)  was  measured  on  the  pillar  between  rooms  21  and  22 
off  heading  5,  3,200  feet  north  of  the  drift  mouth. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
black  powder.  About  90  per  cent  of  the  coal  was  shipped  asrun-of-mine;  the  remain- 
ing 10  per  cent  was  passed  over  8-foot  bar  screens  with  4-inch  openings.  Pickers  were 
employed  on  the  cars  in  loading.  There  were  two  loading  tracks  with  a  capacity  of 
25  cars.  The  mine  was  equipped  to  produce  200  tons  a  day  and  had  an  average  daily 
output  of  175  tons,  practically  all  of  which  was  from  pilly  workings.  The  intent  was 
to  increase  the  output  to  about  200  tons. 

Carrolltown  Road.    Logan  No.  5  Mine. 

^amp2«.— Bituminous  coal;  Windber  field;  analyses  Nos.  12370,  W20364,  W20365, 
W20366,  W20367,  and  W20368  (p.  73). 

Mine. — Logan  No.  5,  a  drift  mine  one-fourth  of  a  mile  west  of  Carrolltown  Road, 
on  the  Cresson  division  of  the  Pennsylvania  Railroad. 

Ooal  bed. — Miller.  Carboniferous  age,  Allegheny  formation.  Average  thickness,  2 
feet  8  inches.  Roof,  hard  shale  overlain  by  bony  coal  and  sandstone;  floor,  smooth, 
hard  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  W.  Miller  on 
June  7, 1911,  as  described  on  the  following  page. 
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Sections  of  coal  bed  in  Logan  No.  5  viim . 


26d 


8«ot!ao 

LaborstOTT  No 

Roof.  saiMUtone,  bony  ooel,  and  shale. 

"  Sulphur"*  stre^V.'.  !*.!'.  I  !!'.*.!!!! ' 

Coal 

"Sulphur"  streak 

Coal 

Floor,  fire  day. 

Hiickiiess  of  bed 

Thickness  of  ooal  sampled 


A 

B 

c 

D 

Wa0364 

W20a66 

W20S66 

W20367 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

0  6 

0  6| 

1  10 

?.l 

0   i 
0  7 

"  r 

0   i 

0  8 

0  h 

0   } 

•  •    «  • 

•  •    •  ■ 

1  6J 

0  10 

•  a      •  « 

•  •    •  • 

2  4 

I  a 

2  6( 
2   6l 

m 

E 
W20968 
Ft,  in. 

0    5 

0 

0 

0 

1 


2 
2 


Si 


Section  A  (sample  W20364)  was  measured  in  the  first  main  heading,  4,300  feet  south 
of  the  mine  mouth. 

Section  B  (sample  W20365)  was  measured  at  the  face  of  right  entry  2;  250  feet  from 
the  second  main  heading  and  3,750  feet  south  of  the  mine  mouth. 

Section  C  (sample  W20366)  was  measured  at  the  face  of  room  8  off  the  air  course  of 
right  entry  1,  off  the  second  main  entry,  4,300  feet  south  of  the  mine  mouth. 

Section  D  (sample  W20367)  was  measured  at  the  face  of  the  second  main  heading, 
3,600  feet  southeast  of  the  mine  mouth. 

Section  E  (sample  W20368)  was  measured  at  the  face  of  the  fourth  left  heading  off 
the  second  main  heading,  3,200  feet  southeast  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W20364  to  W20368,  inclu- 
sive. The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory 
No.  12370. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  both  by  hand  and  with 
machines,  and  shot  down  with  black  powder.  There  were  no  screens,  the  output 
being  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars  in  loading. 
There  was  one  loading  track  at  the  tipple  with  a  capacity  of  50  cars.  The  mine  had 
a  capacity  of  600  tons  a  day  with  an  average  daily  output  of  about  350  tons,  all  of 
which  was  from  advance  workings.  The  intent  was  to  increase  the  production  to 
about  700  tons  a  day.    There  were  approximately  700  acres  of  unmined  coal. 

COLVBR.      GOLVBR  MiNE. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  13634  to  13643,  in- 
cliudve  (p.  73). 

Mine. — Colver,  a  drift  mine,  in  the  Ebensburg  district,  at  Golver,  the  terminus  of 
the  Cambria  &  Indiana  Railroad. 

Coal  bed. — Known  as  the  Lower  Eittanning  or  B.  Carboniferous  age,  Allegheny 
formation.  Average  thickness,  4  feet.  Roof,  hard  gray  shale,  with  smooth  surface; 
floor,  shaly  underclay  with  a  smooth  surface. 

The  bed  was  measured  and  sampled  at  nine  points  in  the  mine  by  L.  M.  Jones,  on 
March  28  and  29,  1912,  as  describeid  below: 

Sections  of  coal  bed  in  Colver  mine. 


Section 

Laboratory  No 

Roof,  gray  shale. 

Coal,Dony 

Coal,  soft 

Coal,  doll 

Shale 

Coal,  soft 

"Sulphur"  band 

Coal 

Shale 

Coal 

Floor,  shaly  onderday. 

Thickness  of  bed 

ThickDesB  of  ooal  sampled 


A 

13634 

Ft.  in. 
oO  3 
1   1 

B 
13635 

Ft.    in. 
aO     3 

2   8i 

C 
13636 

Ft.    in. 
aO     3 
2   IJ 

D 
13637 
13643 

Ft.    in. 

aO   5 
3   10 

E 
13638 
13642 
Ft.    in. 
aO   4 
2   4} 

0  "i 

1  0 
oO   i 

0  6 

0  l 

1  1 

8  11 
3   71 

a'6       i 
1   l| 

aO   \ 
1      8| 

■  •     ■  • 

0   i 

1  U 

4  li 
3  10 

•  •     ■  ■ 

4   2 
3  lOi 

4 
8   1 

3 
10 

•  •   •  • 

8  10 
3  6 

F 

13639 
13641 
Ft.    in, 
aO    6 
0    9 
0      i 


4    1 
8   7J 


«  Not  indaded  in  sample. 
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Section  A  (sample  13634)  was  cut  from  the  face  of  main  entry  A,  2,400  feet  80ul2i- 
west  of  bore  hole  25. 

Section  B  (sample  13635)  was  cut  from  the  foce  of  entry  A-2,  1,175  feet  southeast 
from  bore  hole  25. 

Section  0  (sample  13636)  was  cut  from  the  face  of  entry  A-3)  1,400  feet  south  of  bore 
hole  25. 

Section  D  (duplicate  samples  13637  and  13643)  was  cut  from  the  face  of  the  main 
entry,  1,200  feet  southeast  of  bore  hole  25. 

Section  E  (duplicate  samples  13638  and  13642)  was  cut  from  the  face  of  entry  B-1), 
725  feet  southeast  of  bore  hole  25,  at  the  inner  end  of  the  rock  tunnel. 

Section  F  (duplicate  samples  13639  and  13641)  was  cut  from  the  face  of  entry  A-1, 
950  feet  southeast  of  bore  hole  25. 

A  composite  sample  was  made  by  mixing  samples  13634  to  13639  inclusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  13640. 

Notes. — ^This  mine  was  originally  opened  by  a  slope  and  shaft  but  at  the  time  of 
sampling  all  the  coal  shipped  was  hauled  to  the  surface  through  a  rock  tunnel  2,050 
feet  long. 

The  steel  tipple  was  designed  to  handle  4,000  tons  of  coal  a  day.  There  were  two 
loading  tracks  with  a  capacity  of  80  empty  cars.  The  tipple  was  equipped  with  a 
shaking  screen  having  perforations  1}  inches  in  diameter,  but  the  entire  output  was 
shipped  as  run-of-mine. 

The  coal  was  undercut  with  chain  cutting  machines  and  with  punching  machines 
and  shot  down  with  FFFF  black  powder.  The  impurities  that  might  be  loaded  with 
the  coal  were  a  bony  coal  at  the  top  of  the  seam,  which  in  places  stuck  to  the  roof, 
and  a  ^  'sulphur'  *  band  below  the  middle.  The  roof  and  floor  were  hard  and  generally 
smooth  and  were  not  likely  to  get  mixed  with  the  coal. 

The  average  daily  output,  the  mine  working  double  shifts,  was  1,000  tons.  There 
was  8,000  acres  of  coal  land  at  this  mine,  the  development  of  which  was  still  in  an 
early  stage.    The  maximum  day's  run  was  1,040  tons 

DuNLO.    Hbnbiettb  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  14238  to  14246,  inclu- 
sive (p.  74). 

Mine. — ^Henriette,  a  shaft  mine  1  mile  south  of  Dunlo,  on  the  South  Fork  branch 
of  the  Pennsylvania  Railroad,  with  connections  to  the  main  line  at  South  Fork. 

Coal  bed. — Miller  or  B .  Carboniferous  age,  All^heny  formation .  Thickness,  about 
3  feet  8  inches ;  dip,  7^^  northwest.  Roof,  smooth  shale  1  to  10  feet  thick,  above  which 
is  a  sandstone  cap  rock.  Floor,  hard,  smooth  fire  clay.  The  parting  between  the 
floor  and  the  coal  and  the  roof  is  distinct,  so  that  neither  the  floor  or  the  roof  material 
got  mixed  with  the  coal  in  mining.    Cover  at  points  of  sampling,  130  to  400  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  A.  H.  Fay,  on 
Jime  27, 1912,  as  described  below: 

Sections  of  coal  bed  in  HenrietU  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Top  coal  or  bone 

Coal 

Floor,  shale  and  fire  clay. 
Thickness  of  bed 


A 

B 

C 

D 

14245 

14246 

14244 

14238 

14239 

14240 

14241 

Ft.    in. 

Ft.    in. 

Ft.    in. 

Ft.    In. 

0  4 

0  3 

0  2 

0  3} 

3  5i 

8  7 

3  4i 

3  4 

3  n 

3  10 

3  <4 

3  7i 

E 

14M2 
Ft.   IHk 

•  ■        mm 

3    8 
S    8 


Section  A  (sample  14238  is  the  good  coal  and  sample  14245  is  the  bone  or  top  coal) 
was  measured  on  the  rib  of  room  2,  right  heading  1  off  slope  2,  about  700  feet  north  of 
shaft  No.  2. 
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Section  B  (aample  14239  k  the  good  coal  and  sample  14246  is  the  bone  or  top  coal) 
was  meaaured  at  the  junction  of  the  sixth  slant  and  main  heading,  about  3,050  feet 
north  of  shaft  No.  2. 

Section  0  (sample  14240  is  the  good  coal  and  sample  14244  is  the  bone  or  top  coal) 
was  meaaured  on  the  pillar  of  aix^  left  entry  near  room  13,  north  of  the  rock  fault, 
4,350  feet  northwest  of  shaft  No.  2. 

Section  D  (sample  14241)  was  measured  on  the  pillar  of  sixtli  left  heading,  450  feet 
north  of  the  back  heading  of  slope  2  and  4,150  feet  northwest  of  shaft  No.  2. 

Section  £  (sample  14242)  was  measured  on  the  rib  between  rooms  1  and  2,  first  level 
above  the  main  entry,  about  1,500  feet  northwest  of  shaft  No.  2. 

A  composite  sample  was  made  by  combining  samples  14238  to  14242,  inclusive. 
The  results  ofan  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14243. 

Notes. — ^The  mine  is  opened  by  a  shaft  90  feet  deep,  from  the  bottom  of  which  a 
slope  extended  a  distance  of  about  7,000  feet.  The  coal  is  mined  by  the  room-and- 
pillar  system.  That  part  of  the  mine  from  which  these  samples  were  taken  had  been 
practically  abandoned  for  a  number  of  years,  and  at  the  time  of  sampling  no  mining 
was  being  done  there.  It  was  proposed  to  pull  the  pillars  later.  Other  property 
tributary  to  this  slope  was  producing  about  700  tons  a  day.  All  of  the  coal  was  shipped 
as  run<of-mine.  Pickers  were  employed  on  the  car  in  loading.  The  coal  is  somewhat 
friable  and  does  not  yield  extra  large  lumps.  There  were  two  loading  tracks  with  a 
capacity  of  25  to  30  cars. 

El  Mora.    Pbsblbss  No.  1  Mink. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12134,  12135,  12136, 
12137,  12138,  and  12139  (p.  75). 

Mine. — Peerlees  No.  1,  a  drift  mine  in  Carroll  Township,  near  El  Mora  on  the  Penn- 
sylvania Railroad. 

Coai  bed. — Lower  Eittanning  or  B.  Carboniferous  age,  Allegheny  formation.  Aver- 
age thickness,  about  3  feet;  dip,  about  3^.  The  immediate  roof  is  a  ^^draw  slate" 
about  18  inches  thick,  above  which  there  is  a  sandstone  cap  rock.  Floor,  hard  rough 
fire  clay.  The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  P.  M. 
Riefkin  on  Apnl  27,  1911,  as  described  below: 

Seetions  of  coal  bed  in  Peerless  No.  1  mine. 


No. 
Roof,  shale. 
C«U,hard. 
Coal 


Moth«r  coal. 

Coal 

"Sulplnir". 
Coal. 


Floor.  Are  day. 

TiitekTMWBofbed. 


Thlrimw  of  coal  sampled. 


A 

12134 

Ft. 

<n. 

0 

4 

0 

4 

0 

i 

•  • 

2 

5* 

0 
0 

4 

3 
3 

% 

B 
12135 
Ft.    in. 
0    5 

■  •     •  • 

0     i 

"2    7 


3 
3 


c 

12136 
Ft.    in. 

•  •         ■  « 

•  •    •  • 

D 

12137 

Ft.    in. 

0  %\ 

•  ■      mm 

•  •     *  ■ 

2  9 
aO   \ 

0   2 

mm             «  • 

0  \ 
0  9 

0   J 

1  a 

2  11^ 
2  11 

2  111 
2  11} 

£ 
12138 
Ft.    in, 

0     5^ 


0 
2 

2 
2 


4 
111 


a  Not  inchided  In  sample. 


Section  A  (sample  12134)  was  measured  on  a  heading  stump  on  left  heading  3  off 
the  main  entry,  about  1,700  feet  northeast  of  the  drift  mouth. 

Section  B  (sample  12135)  was  measured  at  the  face  of  room  1,  off  right  heading  8 
off  the  main  entry,  2,300  feet  east  of  the  drift  mouth. 

Section  C  (sample  12136)  was  measured  at  the  face  of  left  heading  7  off  the  main 
entry,  about  2,800  feet  northeast  of  the  drift  mouth. 

Section  D  (sample  12137)  was  measured  on  the  rib  of  room  1,  off  right  heading  3  off 
the  main  heading,  1,600  feet  southeast  of  the  drift  mouth. 
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Section  E  (sample  12138)  was  measured  in  heading  1  off  the  main  entry,  about  425 
feet  from  the  main  entry. 

A  composite  sample  was  made  by  combining  face  samples  12134  to  12138,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  12139. 

Notes. — ^The  mine  is  opened  by  entry;  the  cover  at  the  opening  is  40  feet.    The 

room-and-pillar  method  of  mining  is  used.    At  the  time  of  sampling  FFFF  black 

powder  was  used  for  breaking  the  coal.    All  of  the  coal  was  shipped  as  run-of-mine. 

Pickers  were  employed  on  the  cars  in  loading.    The  mine  had  a  daily  output  of  about 

125  tons  a  day,  75  per  cent  of  which  was  from  advance  workings  and  the  remainder 

from  pillars. 

FiOART.    Frick  No.  2  Mine. 

iSampfe.— Bituminous  coal;  Windber  field;  analyses  Nos.  12366,  W20433,  W20434, 
W20474,  W20475,  and  W20476  (p.  75). 

Mine. — Frick  No.  2,  a  drift  mine  1}  miles  northeast  of  Figart,  on  the  Pennsylvania 
Bailroad. 

Coal  bed. — C  or  Middle  Kittanning.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  2  feet  7  inches.  Roof,  dark  shale;  floor,  medium  soft  fire  clay 
with  a  smooth  surface.  The  B  bed,  or  Lower  Kittanning,  is  also  worked  at  this  mine, 
and  the  coal  is  delivered  to  the  same  tipple  as  is  the  coal  from  the  C  bed. 

The  C  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  H.  I.  Smith 
on  June  10,  1911,  as  described  below. 

Sections  of  coal  bed  in  Frick  No.  i  mine. 


Section 

Laboratory  No 

Roof,  dark  shale.  i    <  • 

Coal,  bony '  oO 


Coal. 

Coal,  gray 

Shale 

Coal 

Cannelooal 

Coal,  bony 

Coal 

Coal  streaked  with  "sulphur" . 
Coal 


A 
W20433 
Ft.  in. 
8 
3i 


Floor,  fire  day. 

Thickness  of  bed. 


Thickness  of  coal  sampled . 


1 

'o 

0 
0 

aO 
0 

aO 


1* 

1 
1 
9 
2k 


3 
2 


B 

Wa0434  1 

Ft. 

in. 

aO 

0} 

1 

3^ 

•  m 

0 

•  • 

1 

'6 

•  • 

0 

(6)     1 

0 

2 

8 

1 

2 

31 

c 

W20474 
Ft.  in. 

aO  m 
0  4i 
0      1 


0 
0 


8| 

3 


D 

W20476 
Ft.  in. 

aO  9 
0  6 
0        i 

•  •         •  • 

0    10 
0      i 


0    lOi  I      0    11 


3      2] 


3      1 
2     4 


E 

Wa0476 

Ft.  in. 

ao    10 

1      3 


«0      2 
6      81 


2  Hi 
1   111 


a  Not  included  in  sample. 


b  "Sulphur"  streak. 


Section  A  (sample  W20433)  was  measured  at  the  face  of  the  second  main  heading, 
400  feet  from  the  mouth  of  the  main  entry. 

Section  B  (sample  W20434)  was  measured  at  the  face  of  entry  1,  off  the  second  main 
heading,  400  feet  from  the  mouth  of  the  main  entry. 

Section  C  (sample  W20474)  was  measured  at  the  face  of  room  5,  off  the  main  left  head- 
ing, 850  feet  from  the  mouth  of  the  main  entry. 

Section  D  (sample  W20475)  was  measured  at  the  face  of  the  first  left  heading,  500 
feet  from  the  mouth  of  the  main  entry. 

Section  E  (sample  W20476)  was  measured  at  the  face  of  the  straight  main  heading, 
1,200  feet  from  the  mouth  of  the  entry. 

A  composite  sample  was  made  by  combining  face  samples  W20433,  W20434,  W20474, 
W20475,  and  W20476.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown 
under  laboratory  No.  12366. 

Notes. — At  the  time  of  sampling  the  coal  was  imdercut  by  hand  and  shot  down  with 
FFFP  black  powder.  There  were  no  screens,  the  entire  output  being  shipped  as 
run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading 
track  with  a  capacity  of  28  cars.  The  mine  had  a  capacity  of  100  tons  and  an  average 
daily  output  of  80  tons,  of  which  the  larger  part  was  from  advance  workings.  Tliere 
were  approximately  50  acres  of  unmined  coal  tributary  to  this  opening. 
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Hastings.    Miller  Run  Mink. 

iSomp^e.— Bituminous  coal;  Windber  field;  analyses  Nos.  12371,  W20440,  W20441, 
W20442,  W2()443,  and  W20447  (p.  76). 

Mine. — ^Bliller  Run,  a  drift  mine  2i.miles  northeast  of  Hastings,  on  the  Cresson  divi- 
sion of  the  Pennsylvania  Railroad. 

Coal  bed. — ^Miller  or  B.  Carboniferous  age,  Allegheny  formation.  Average  thick- 
ness, 3  feet.    Roof,  shale  overlain  by  sandstone;  floor,  smooth  fire  clay. 

The  bed  was  measured  and  sampled  at  h\e  points  in  the  mine  by  E.  W.  Miller  on 
June  9,  1911,  as  described  below: 

Sectiona  of  coal  bed  in  Miller  Run  mine. 


Section 

Laboratory  No 

Roof,  aanastanB  and  shale. 

Coal 

Coal,  bony 

"Sufohur" 

Coal 

Mother  ooal 

"Suli^iir"  baU 

Coal 

Coal,  bony 

Coal 

"Sulphur" 

Coal,  bony 

Coal 

Floor,  fire  clay. 

Tnickness  of  bed 

Thickness  of  ooal  sampled. 


A 

W2(H40 

Ft.  in. 

0     7 


0      3\ 


B 

W20441 
Ft.  in. 
0     5 


C 

W20442 
Ft.  in. 


1 
aO 


1 

11 


4      1 
3      3 


oO    10 
1      3) 


0 
1 

4 
3 


If 
3i 


al 
1 

6 
1 

4 
2 


4i 
2 

"i 

1 

84 


D 

W20443 

Ft.  in. 

0     2 

'6    "k 
0      2i 

S        * 

0  U 

aO      9 

1  54 


K 
W2()447 
Ft.  in. 
0     14 


0 

0  5 
aO  8 

1  4 


4 


0 
1 


! 


3*     il 


0 

1 


4 


3    114 
3      34 


a  Not  included  in  sample. 

Section  A  (sample  W20440)  was  measured  at  the  face  of  the  main  air  coiurse,  2,000 
feet  from  the  drift  mouth. 

Section  B  (sample  W20441)  was  measured  at  the  face  of  room  4,  off  the  fifth  right 
entry,  200  feet  from  the  main  entry. 

Section  C  (sample  W20442)  was  measiured  at  the  face  of  the  first  right  entry,  200 
feet  off  left  entry  2. 

Section  D  (sample  W2044d)  was  measured  at  the  face  of  the  seeond  left  entry,  500 
feet  off  the  main  entry. 

Section  £  (sample  1^20447)  was  measured  on  pillar  of  room  5,  first  left  entry,  300 
feet  off  the  main  entry. 

A  compodte  sample  was  made  by  mixing  face  samples  W20440  to  W20443.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12371. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
FFF  black  powder.  There  were  no  screens,  the  entire  output  being  shipped  as 
run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading 
track  at  the  tipple  with  a  capacity  of  8  empty  and  8  loaded  cars.  The  mine  was 
equipped  to  produce  200  tons  a  day  and  had  an  average  daily  output  of  100  tons,  of 
which  the  larger  part  was  from  advance  workings.  The  intent  was  to  increase  the  out- 
put to  200  tons  in  the  near  future.  There  were  129  acres  of  unmined  coal  tributary  to 
this  opening. 

Habtinos.    Pennsylvania  No.  11  and  No.  12  Mines. 

Sample, — Bituminous  coal;  Windber  field;  analyses  Nos.  12150  to  12157,  inclusive, 
and  12166  to  12169,  inclusive  (pp.  76,  77). 

Minei. — Pennsylvania  No.  11  and  Pennsylvania  No.  12,  drift  mines  in  the  central 
Pennsylvania  district,  1  mile  south  of  Hastings,  on  the  Cresson  division  of  the  Pennsyl- 
vania Railroad. 
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Coal  bed. — ^Lower  Freeport  or  D,  CarboniferouB  age,  Allegheny  formation.  Aver- 
age thickness,  4  feet  4  inches.  Roof,  dark  shale,  overlain  by  eandbtone;  floor,  hard 
rough  fire  clay.  Particles  of  the  roof  or  floor  did  not  become  mixed  with  the  coal  in 
mining. 

The  bed  was  measured  and  sampled  at  five  points  in  the  No.  11  mine  and  at  five 
points  in  the  No.  12  mine  by  H.  I.  Smith,  April  29, 1911,  as  described  below: 

Sections  of  cool  bed  in  Pennsylvania  No.  11  mine. 


Section 

Laboratory  No 

Ro(rf.  shale  and  sandstone. 

Shale 

Ckjal 

Mother  coal  and  ''sulphur". 

Coal.... 

"  Mining  slate"  and  coal — 

Coal 


Floor,  fire  clay. 

Thickness  of  bed. 


Thickness  of  oocd  sampled . 


A 

B 

c 

D 

12150 

12151 

12166 

12167 

Ft.    in. 

Ft.  in. 

Ft.    in. 

Ft.  in. 

aO      » 

aO    2 

OO     2i 

OO    2 

1      6 

1    1 

2    10 

2    0 

0       1 

0     i 

•  •            mm 

. 

2      8^ 
ao      21 

0      8 

2    3 

0      4 

1    1 

.0,J 

ad      1 
0      7 

0    31 

5      31 
4    lOl 

isi 

t  .* 

3    8 
3    H 

a  Not  included  in  sample. 

Section  A  (sample  121&0)  was  measured  at  the  face  of  fifth  right  entry,  off  the  main 
heading. 

Section  B  (sample  12151)  was  measured  at  the  face  of  the  old  main  heading. 

Section  C  (sample  12166)  was  measured  at  the  face  of  the  second  right  cross  heading. 

Section  D  (sample  12167)  was  measured  at  the  face  of  left  heading  3. 

Section  E  (sample  12169)  was  measured  on  the  pillar  in  room  16,  off  third  left  entry. 

A  composite  sample  was  made  by  combining  face  samples  12150,  12151,  12166, 
and  12167.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  lab<n»- 
tory  No.  12168. 

Sections  of  coal  bed  in  Pennsylvania  No.  It  mine. 


Section 

Laboratory  No 

Roof,  shale  and  sandstone. 

Shale 

Coal 

Coal,  bony 

Coal 

Mother  coal  and  "  sulphur  " . 

Coal 

"  Mining  slate"  and  coal 

Coal 

Floor,  fireclay. 

Thickness  of  bed 

ThioknesB  of  coal  sampled . . 


D 
12155 
Ft.  in. 
aQ      1 
1      6 


1    10 


2    I   aO      1; 
0      6  0      ^* 


3    11}         4      ih 
3      8{        4      2{ 


B 

12156 
FL    in. 

aO 
2 

aQ 

0 

0 

0 

aO 

0 


3 
6 
1 
5 


4 


3 

5 


4    8 
3    9 


a  Not  included  in  sample. 

Section  A  (sample  12152)  was  measured  at  the  face  of  the  original  old  nuun  heading, 
5,800  feet  from  the  drift  mouth. 

Section  B  (sample  12153)  was  measured  at  the  face  of  fifth  entry,  off  the  main 
heading. 

Section  0  (sample  12154)  was  measured  at  the  face  of  fourth  right  heading,  1}  miles 
from  the  drift  mouth. 

Section  D  (sample  12155)  was  measured  at  the  face  of  room  1,  off  first  entry  off 
third  right  heading. 

Section  £  (sample  12156)  was  measured  at  the  face  of  third  right  entry,  off  the  main 
heading. 

A  composite  sample  was  made  by  combining  face  samples  12152  to  12156,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12157. 


PENNSYLVANIA:  CAMBBIA  COUNTY. 


275 


Notes.— The  83^1;em  of  mining  in  both  mines  is  single  entry,  room-and-pillar.    At 

the  time  of  sampling  the  coal  was  \mdercut  in  the  lower  part  of  the  bed  by  electric 

chain  cutting  machines  and  shot  down  with  FFF  and  FFFF  black  powder.    There 

was  one  loading  track  at  the  tipple  with  a  capacity  of  28  empty  and  28  loaded  cars. 

Pickers  were  employed  on  the  cars  in  loading.    The  entire  output  of  the  mines  was 

shipped  as  run-of-mine  coal.    The  No.  11  mine  was  equipped  to  produce  about  400 

tons  of  coal  a  day  and  had  a  daily  output  of  325  tons.    There  was  about  100  acres 

of  coal  tributary  to  this  mine.    The  No.  12  .mine  was  equipped  to  produce  300  tons 

a  day.    Tbere  was  about  100  acres  of  coal  tributary  to  this  drift  entry.    All  of  the 

coal  from  these  two  mines  was  used  for  coking  purposes.    Both  mines  load  over  the 

same  tipple. 

Johnstown.    Valley  No.  1  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  aDalyses  Nos.  12213,  W19563, 
W19564,  W19565,  W19566,  and  W19567  (p.  77). 

Mine, — ^Valley  No.  1,  a  drift  mine  in  the  central  Pennsylvania  district,  3  miles 
south  of  Johnstown,  on  the  Somerset  &  Cambria  branch  of  the  Baltimore  &  Ohio 
Railroad. 

Coal  bed. — C''  or  Upper  Kittanning.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  4  feet  2  inches.  Roof,  bony  coal  overlain  with  shale;  floor,  rough 
shale. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  £.  W.  Miller 
on  April  27, 1911,  as  described  below: 

Sections  of  coal  hedin  Valley  No,  1  wine. 


SeetJon 

Laboratory  No 

Roof,  boDj  coal  and  sbale. 

Coal 

Bone,  shale,  and  "sulphur" . 

Coal 

Bone 

Cool 

FkxHN  elude. 

TnJclmess  of  bed 

Tbickness  of  ooal  samided . . 


A 

Wig603 
Ft,  in. 

aO        I 
2      7 


4    2 
4    2 


3 
3 


^ 


4    If 
4    1 


W19667 
Ft.  in. 

SI 

3  3 
0    7} 

4  3i 


a  Not  included  in  sample. 

Section  A  (sample  W19563)  was  measured  at  the  face  of  room  11  in  Andy's  heading, 
1,000  feet  west  of  tipple  No.  2. 

Section  B  (sample  W19564)  was  measured  at  the  face  of  room  21,  off  left  heading  7, 
3,400  feet  southeast  of  the  drift  mouth.  There  are  small  "sulphur"  concretions  in 
this  section. 

Section  C  (sample  W19565)  was  measured  on  the  chain  pillar,  4,200  feet  northeast 
of  the  drift  mouth. 

Section  D  (sample  W19566)  was  measured  at  the  face  of  room  4,  off  eighth  right  bead- 
ing 3,600  feet  southeast  of  the  drift  mouth. 

Section  E  (sample  W19567)  was  measured  on  the  rib  of  the  main  air  course,  150 
feet  beyond  twelfth  right  heading. 

A  composite  sample  was  made  by  mixing  face  samples  W19563,  W19564,  W19566, 
and  W19567.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under 
laboratory  No.  12213. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down 
with  black  powder.  There  were  two  tipples;  each  tipple  had  one  loading  track  with 
a  capacity  of  50  cars.  There  were  no  screens,  the  entire  output  being  shipped  as 
run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  The  mine  had  a 
capacity  of  about  1,500  tons  a  day  with  an  average  daily  output  of  1,200  tons,  90  per 
cent  of  which  was  from  advance  workings. 
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Nanty  Glo.    Likgoln  No.  1  Mine. 

Sample. — Semibituminoua  coal;  Windber  field;  analyeee  No6.  12180,  12181,  12182, 
12183,  12184,  and  12185  (p.  78). 

Mine. — Lincoln  No.  1,  a  drift  mine  in  the  central  Penneylvaoia  district,  1  mile 
north  of  Nanty  Glo  on  the  Pennsylvania  Railroad. 

Coed  bed. — Lower  Kittanning,  Miller,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  about  3  feet  5  inches.  The  bed  lies  practically  flat;  the 
cleat  is  irregular.  Roof,  hard  dark  shale  overlain  by  sandstone  capping;  floor,  soft 
shale.  All  of  the  samples  were  taken  at  a  depth  of  about  600  feet.  There  are  occa- 
sionally small  soft  *  *  sulphur  "  lenses  in  this  coal.  The  bed  was  measured  and  sampled 
at  five  points  in  the  mine  by  A.  J.  Hazlewood  on  May  3, 1911,  as  described  below: 

Sections  of  coal  bed  in  Lincoln  No:  1  mine. 


Section 

Laboratory  No 

Roof,  hard  shale. 

Coal 

Dull-coal  binder 

Coal,  soft  and  bright 

Floor,  soft  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

D 

12180 

12181 

12182 

12183 

Ft.   M. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

0  9 

0  10 

0  10 

0  11 

0   1 

S  ^ 

0  2 

0   2 

2  6 

2   4 

2   6 

3   4 

3  5 

3   4 

3   6 

3  4 

3  5 

3   4 

3   6 

E 

12184 

Ft.  in. 
0  10 
0  2 
a     5 

8      5 
8     5 


Section  A  (sample  12180)  was  measured  at  the  face  of  the  new  main  heading. 

Section  B  (sample  12181)  was  measured  at  the  face  of  right  entry  2 

Section  G  (sample  12182)  was  measured  at  the  &ce  of  right  entry  4. 

Section  D  (sample  12183)  was  measured  at  the  face  of  left  entry  7. 

Section  £  (sample  12184)  was  measured  at  the  fsLce  of  left  entry  9. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  double-entry  system.  At  the 
time  of  sampling  the  coal  was  undercut  with  electric  chain-cutting  machines  and 
broken  down  with  FFFF  black  powder.  All  of  the  coal  was  shipped  aa  run-of-mine. 
The  daily  output  was  about  500  tons,  practically  all  of  which  was  from  advance 
workings.  The  tipple  is  about  300  feet  from  the  mouth  of  the  mine.  There  were 
trackage  facilities  for  handling  about  40  cars. 

Nanty  Glo.    Springfield  No.  1  Mine. 

» 

iSampfc.— Semibituminous  coal;  Windber  field;  analyses  Nos.  12128,  12129,  12130, 
12131,  12132,  and  12133  (pp.  78,  79). 

Mine. — Springfield  No.  1,  a  slope  mine  in  the  central  Pennsylvania  district,  half  a 
mile  southeast  of  Nanty  Glo  on  the  Black  Lick  branch  of  the  Oresson  division  of 
the  Pennsylvania  Railroad.     . 

Coal  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet  7  inches.  Roof,  firm  shale,  overlain  by  a  sandstone  cap  rock 
22  feet  thick.  Floor,  a  soft  shale,  generally  smooth.  Material  from  the  roof  or  floor 
did  not  become  mixed  with  the  coal  in  mining.  There  are  small  soft  "sulphur" 
lenses  throughout  the  coal  bed. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  A.  J.  Hazlewood 
on  April  29,  1911,  as  described  below: 

Sections  of  coal  bed  in  Springfield  No.  1  wine. 


Section 

Laljoratory  No 

Roof,  sandrock,  soft  shale. 

Goal,  soft,  with  Irregular  cleavage 

C5oal,dall. 

Coal,  very  soft  with  a  number  of  soft  "sulphur" 

lenses 

Floor,  soft  shale. 

Tnickness  of  bed 

Thickness  of  ooal  sampled 


A 

B 

C 

D 

12128 

12129 

12130 

12131 

Ft.   in. 

Ft.    in. 

Ft.   in. 

Ft.   in. 

0  11 

0  11 

1  0 

1  0 

0  1 

0   1 

0  H 

0  IJ 

2   4 

2   8 

2  H 

a  6} 

3   4 

3   8 

3  7 

3  8 

3   4 

8  8 

3  7 

3  8 

E 
1213S 
Ft.    i*. 
0    10 
0       I 

2  IfSk 

3  9 
3      9 
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Section  A  (sample  12128)  was  measured  at  the  face  of  left  entry  4,  2,700  feet  from  the 
mine  month. 

Section  B  (sample  12129)  was  measured  at  the  face  of  the  main  entry,  3,500  feet  from 
the  mine  mouth. 

Section  0  (sample  12130)  was  measured  at  the  face  of  the  third  crosscut  off  the  dip 
heading,  2,500  feet  from  the  mine  mouth. 

Section  D  (sample  12131)  was  measured  at  the  face  of  left  entry  1, 3,000  feet  from  the 
mine  mouth. 

Section  E  (sample  12133)  was  measured  on  the  pillar  in  room  3,  off  left  entry  2. 

A  composite  sample  was  made  by  combining  face  samples  12128  to  12131,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12132. 

Notes. — ^The  mine  is  on  a  syncline,  and  is  entered  by  a  steep  slope  430  feet  long. 
The  bed  is  slightly  rolling;  there  were  three  or  four ' '  swamps  "  on  the  main  entry .  The 
dip  entry  turns  to  the  right  and  at  the  time  of  sampling  had  considerable  water  in  it. 
The  high  parts  of  the  mine  were  dry. 

The  coal  was  undercut  in  the  bottom  part  of  the  bed  with  compressed  air  punchers 
and  broken  down  with  FFFF  black  powder.  All  of  the  coal  was  shipped  as  run-of- 
mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading  track 
with  a  capacity  of  20  empty  and  20  loaded  cars.  The  mine  had  a  capacity  of  550  tons 
with  an  average  daily  output  of  500  tons,  which  was  all  from  advance  workings .  There 
was  approximately  2,000  acres  of  immined  coal  tributary  to  this  opening. 

Portage.    Forob  Slope  No.  1  MmE. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  12369,  W20396, 
W20397,  W20398,  W20399,  W20400,  and  W20401  (p.  79). 

Mine. — Foige  Slope  No.  1,  a  slope  mine  in  the  central  Pennsylvania  district,  2  miles 
north  of  Portage,  on  the  Martins  branch  of  the  Pennsylvania  Bailroad. 

Coal  bed. — C^  or  Upper  Eittanning,  Carboniferous  age,  Allegheny  formation.  Aver- 
age thickness,  3  feet  5  inches.  The  roof  is  bony  coal  of  poor  quality  1  foot  6  inches  to  3 
feet  4  inches  thick,  and  is  overlain  by  shale  and  sandstone.  Floor,  fire  clay  under- 
lain by  limestone. 

The  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  P.  M.  Biefkin  on 
June  8,  1911,  as  described  below: 

Sections  of  coal  bed  in  Forge  Slope  No.  1  mine. 


Seotloo 

Labocatory  No 

Roof,  soale  and  bony  ooal. 

Coal,  soft 

"8ufe>hur" 

Coal 

"Sulphur" 

Coal 

Coal,lianl 

Coal 


Floor,  fire  clay. 

Tnicknemofbed. 


Thickness  of  ooal  sampled. 


A 

W20906 
Ft.   in. 


0 
1 

3 
3 


H 


3 

101 


B 

W20397 
Ft.   in. 


1   ^ 


0  3} 

3  0 

8  5 

3  5 


C 
W20398 
Ft.   in. 


1     4 


0  3 

1  Hi 


3 
3 


3 


D 
W20399 
Ft.   in. 

0 

0 

0 

0 

0 

0 

2 


1 

7 
3* 

n 

2 


3    7 
3    7 


I 


B 
W20400 
Ft.   in. 
0     8 

0       i 
0     6 


0     2i 
3      1 


3 
3 


n 


T 

W20401 
Ft.  in. 

•  •         *  • 

•  •         •  • 

1    H 


•  •  •  • 

0     2& 

2  2k 

3  7 
3     7 


Section  A  (sample  W20396)  was  measured  near  the  £ace  of  the  main  south  heading,  1 
mile  south  of  the  mine  mouth. 

Section  B  (sample  'W20397)  was  measured  on  the  rib  near  the  fetce  of  left  entry  7,oS 
the  main  south  entry,  1  mile  west  of  the  mine  mouth . 

Section  G  (sample  W20398)  was  measured  on  the  rib  near  the  face  of  right  entry  2,  oS 
left  entry  7,  o£f  the  main  south  entry,  4,500  feet  northwest  from  the  mine  mouth. 

Section  D  (sample  W20399)  was  measured  on  the  rib  near  the  face  of  right  entry  1,  off 
left  entry  7,  off  the  main  south  heading,  5,000  feet  southwest  of  the  mine  mouth. 
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Section  E  (sample  W20400)  was  measured  at  the  face  of  the  main  north  heading, 
3,000  feet  north  from  the  mine  mouth. 

Section  F  (sample  W20401)  was  measured  on  the  rib  near  the  face  of  fight  entry  3,  off 
the  main  north  entry,  2,600  feet  north  from  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W20396  to  W2040],  inchi- 
sive.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  labomtoiy 
No.  12369. 

Note». — ^At  the  time  of  sampling  the  coal  was  undercut  with  puncher  machines  and 

shot  down  with  FFFF  black  powder.    There  were  two  loading  tracks  with  a  capacity 

of  45  empty  and  45  loaded  cars.    There  were  no  screens  at  the  tipple,  all  of  the  coal 

being  loaded  as  run-of-mine.    Pickers  were  employed  on  the  cars  in  loading.    Tlie 

mine  had  a  capacity  of  800  tons  and  a  daily  average  output  of  700  tons,  the  larger  part 

of  which  was  from  advanced  workings.    The  intent  was  to  increase  the  output  to  800 

tons  a  day.    There  was  approximately  300  acres  of  unmined  coal  tributazy  to  this 

opening. 

PoBTAOE.    Miller  No.  1  Shaff. 


Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  11355,  11356,  11357, 
11358, 11359,  and  11360  (p.  79). 

Mine. — Miller  No.  1  shaft;  central  Pennsylvania  district;  a  shaft  mine  1  mile  south- 
east of  Portage,  on  the  main  line  of  the  Western  Pennsylvania  Division  of  the  Penn« 
sylvania  Railroad.    There  are  railroad  connections  from  the  mine  to  the  main  line. 

Coal  bed. — Lower  Kittanning,  Miller,  or  B .  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  about  3  feet  6  inches.  Dip,  5  to  15  per  cent,  west.  Roof,  hard 
black  shale  about  18  inches  thick,  above  which  is  a  sandstone  cap  rock;  floor, 
medium-hard  smooth  clay.  Cover  at  points  of  sampling,  200  to  425  feet.  The  bed  was 
measured  and  sampled  at  five  points  in  the  mine  by  Charles  Enzian  on  Deconber  7, 
1910,  as  described  below: 

Sections  of  coal  bed  in  Miller  No,  1  ihttft 


Section 

Laboratorv  No 

Roof,  hard  shale. 

Bone 

Coal 

"Sulphur"  band 

Shale,  hard 

Coal 

Mother  coal 

Coal 

Flow,  soft  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 
11356 
Ft.    in, 
aO 


S 


3    2 
2    9i 


C 
11357 
Ft.    in. 
dO   2} 
1    2 


B 

11358 

FL    in, 

aO     5} 

1      1 

2   4 


3    101 

8    4 


E 

iiase 

Ft.    in. 
1    0 

•  •        •  • 


3   6 
3     i 


a  Not  included  in  sample. 

Section  A  (sample  11355)  was  measured  at  the  face  of  the  second  right  dip,  2,800 
feet  southwest  of  the  shaft. 

Section  B  (sample  11356)  was  meafiiired  at  the  face  of  third  left  heading,  4,100 
feet  southeast  of  the  shaft. 

;    Section  C  (sample  11357)  was  measured  on  the  pillar  of  the  A-1  heading,  2,000  feet 
from  the  foot  of  the  sliaf t. 

Section  D  (sample  11358)  was  measured  at  the  face  of  the  fint  right  dip,  1,500  feet 
from  the  foot  of  the  shaft. 

Section  E  (sample  11369)  was  measured  at  the  face  of  fint  left  heading,  3,000  feet 
from  the  foot  of  the  shaft. 

A  composite  sample  was  made  by  combining  face  samples  11355  to  11359,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laborptory  No. 
11360. 
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Notes, — The  mine  is  opened  by  a  shaft  about  425  feet  deep.  The  plan  of  working 
is  triple  entry,  room-and-pillar.  At  the  time  of  sampling  the  coal  was  undercut  by 
band.  Black  powder  was  used  for  breaking  down  the  coal  and  dynamite  for  brushing 
the  roof.  The  tipple  was  steel.  There  were  two  loading  tracks  with  a  capacity  of  80 
cars.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars 
in  loading.  The  mine  was  comparatively  new  and  had  an  average  daily  output  of  700 
tons,  all  of  which  was  from  advance  workings.  The  intent  was  to  increase  the 
output  to  about  1,500  tons  a  day.  When  the  pillara  were  pulled,  the  total  recovery 
was  about  90  per  cent. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  160,  712,  713. 

Portage.    Pltmouth  No.  1  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  11705,  W17110, 
W17111,  and  W17112  (p.  80). 

Mine. — Plymouth  No.  1,  a  drift  mine  in  the  central  Pensylvania  district,  2^ 
miles  east  of  Portage,  on  the  Pennsylvania  Railroad. 

Coal  bed. — C^  or  Upper  Kittanning.  Carboniferous  age,  AU^heny  formation. 
Average  thickness,  3  feet  8  inches.  Boof ,  bony  coal,  overlain  by  shale.  Floor,  hard, 
smooth  fire  clay  which  softens  readily  when  in  contact  with  the  air. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  O.  S.  Pope  on 
January  27, 1911,  as  described  below: 

Sections  of  coal  bed  in  Plymouth  No.  1  mine. 


LaboratoiyNo 

Roof,  bone  and  ahale. 

Coal 

Bone 

Bone,  soft 

Goal 

"Sulphur" 

Coal 

Floor,  fire  clay. 

Thickness  of  bad 

Thickness  of  coal  sampled 


A 

B 

W17110 

W171U 

Ft.    M. 

Ft.    in. 

1    3 

1    3 

•  0      \ 

9    •          •   • 

«  ■     •  • 

0    1 

*  ■     •  • 

0    8 

»   m         •  • 

aO      i 

2    4 

1    8 

3    7} 

3    81 

3    7 

3    8 

c 

W17112 

Ft,    in, 

1 


1 


3 

3 


14 

1 


o  Not  included  In  sample. 

Section  A  (sample  W17110)  was  measured  at  the  face  of  No.  5  dip,  300  feet  from 
the  main  heading. 

Section  B  (sample  W17111)  was  measured  at  the  &ce  of  fourth  left  entry,  2,000  feet 
from  the  main  heading. 

Section  G  (sample  W17112)  was  measured  at  the  face  of  the  main  heading,  250  feet 
from  eighth  left  entry. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
FFFF  black  powder.  The  tipple  had  one  loading  track  with  a  capacity  of  15  cars. 
There  were  no  screens,  the  entire  output  being  shipped  as  run-of-mine.  Pickers  were 
employed  on  the  cars  in  loading.  The  mine  had  a  capacity  of  300  tons  a  day  and  an 
average  daily  output  of  250  tons.  Plans  were  under  way  for  installing  rope  haulage 
and  doubling  the  production  of  the  mine.  There  were  approximately  750  acres  of 
unmined  coal  tributary  to  this  opening. 

Portage.    Sonman  No.  2  Shaff. 

5amp2e.— Semibituminous  coal;  Windber  field;  analyses  Nos.  12205, 12217,  W19688, 
W19689,  W19e90,  W10691,  W10692,  W19693,  and  W19694  (p.  80). 

Jtftii€.— -Sonman  No.  2  shaft,  in  the  central  Pennsylvania  district,  1  mile  east  of 
Portage,  on  the  Sonman  branch  of  the  Pennsylvania  Railroad. 

47664**— Bull.  85—14 ^19 
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Coal  bed. — Lower  Kittanning  or  B.  Carboniferoufs  age,  Allegheny  fonnation. 
Thickness,  3  feet  8  inches  to  4  feet  6  inches,  fairly  uniform.  Dip,  11^^  N.,  68^  W. 
Roof,  smooth  shale;  above  the  shale  is  a  sandstone  cap  rock;  floor,  rough  fire  clay. 
Particles  of  the  roof  or  floor  did  not  become  mixed  with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  seven  points  in  the  mine  by  P.  M.  Riefkin 
on  May  1,  1911,  as  described  below. 

Sections  of  coal  bed  in  Sonman  No.  t  shaft. 


SectkBi 

A 

W19688 

Ft.    in. 

«0    3i 

*  *      *  * 

•  m        •  « 

■     •              «     ■ 

3    3 
3      i 

B 
W19680 
Ft.    in. 
aO     4 

•  •         •  • 

3     6 

•  ■         •  • 

1      3 

•  «         •  • 

3    11 
3     7 

C 
WIMOO 
Ft.    in. 
aO     6^ 

•  •             •  « 

3    10 

•  •         •  ■ 

■  •            mm 
m  •            «  • 

3    10 

W19601 

Ft.    in. 

aO    8 

3  6 

•  •         •  • 

•  •         •  • 

4  3f 
3    7} 

E 
W19003 
Ft.    in. 
•  0     7 

•  ■         •  ■ 

3    '84 

0       * 

0     8 

3    llf 
3      4} 

P 

wioaes 

Ft.    in. 
aO    7 
1    d 

0  1 

1  8 

0     I 

6  '7J 

4    5 
3    0^ 

G 

Labontoiy  No 

WIOOM 

Roof,  sandstone  and  shale. 
Goal,  bony 

Ft.    In. 

Coal 

Goal,  bony 

0      1 

Coal 

0      7 

"Sulphur"    and    mother 
coal 

Btraak. 

Coal,  hard 

Coal'...... 

1     0 

Floor,  fire  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled. . 

4     4 
3    10} 

a  Not  Included  in  sample. 

Section  A  (sample  W19688)  was  measured  at  the  face  of  room  8,  left  heading  2  ofif 
dip  off  the  main  south  heading. 

Section  B  (sample  W19689)  was  measured  on  a  pillar  near  the  face  of  room  23,  firat 
right  off  plane,  3,000  feet  southeast  of  the  shaft. 

Section  C  (sample  W19690)  was  measured  at  the  face  of  nxHn  13,  left  heading  1  off 
dip  off  the  main  south  heading. 

Section  D  (sample  W19691)  waa  measured  at  the  face  of  ''No.  32  crook"  off  the 
main  north  heading. 

Section  E  (sample  W19692)  was  measured  at  the  face  of  "No.  28  crook,"  left  head- 
ing 1  off  dip  off  main  south  heading. 

Section  F  (sample  W19693)  was  measured  at  the  &ce  of  room  10,  first  ri^t  ofif  plane 
17  off  main  north  heading.  ^^ 

Section  G  (sample  W19694)  was  measured  at  the  face  of  right  heading  3  off  main 
dip  off  main  north  heading. 

A  composite  sample  was  made  by  combining  £ace  samples  W19688,  W19691,  and 
W19692.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  labora- 
tory No.  12217. 

A  coinposite  sample  was  made  by  combining  &ce  samples  W19688,  W19600,  W19683, 
and  W19694.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under 
laboratory  No.  12205. 

Notes. — ^The  mine  is  opened  by  a  shaft  320  feet  deep.  At  the  time  of  sampling  the 
coal  was  undercut  by  hand  and  broken  down  with  black  powder.  The  entire  output 
was  shipped  as  run-of-mine.  Pickers  were  employed  on  the  car  in  loading.  Tbsre 
were  two  loading  tracks  with  a  capacity  of  55  empty  and  56  loaded  cars.  The  daily 
output  was  1,100  tons,  about  75  per  cent  of  which  was  from  advance  workings.  Theie 
was  approximately  1,500  acres  of  unmined  coal  tributary  to  this  opening. 

Sfanoler.    Pennsylvania  No.  21  and  No.  22  Mines. 

5am;?ic.— Bituminous  coal;  Windber  field;  analyses  Nos.  12126,  12127,  12140  to 
12148,  inclusive  (p.  81). 

Mine. — Pennsylvania  No.  21  and  Pennsylvania  No.  22,  slope  mines,  2  miles  north- 
west of  Spangler,  on  the  Oresson  division  of  the  Pennsylvania  Railroad. 
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Coal  bed. — ^Lower  Fieeport  or  D,  Oaiboniferous  age,  Allegheny  fonnatioii.  Avenge 
thicknees,  3  feet  10  inches.  Roof,  bony  coal  overlain  by ' 'draw  slate  "  6  inches  thick, 
which  comes  down  with  the  coal.  Floor,  hard  fire  clay  with  rough  surface.  In 
mining  care  was  taken  that  the  material  from  the  roof  and  floor  did  not  become  mixed 
with  the  coal. 

The  bed  was  measured  and  sampled  at  five  points  in  No.  22  mine  and  at  four  points 
in  No.  21  mine  by  H.  I.  Smith,  on  April  26  and  27, 1911,  as  described  below: 

Sectiofu  of  coal  bed  in  Pennsylvania  No.  21  mine. 


JLaborstory  No. 

Roof,  bony  coal,  and  "draw  slate. 

CoaL 

Coaland  "shale" 

CoaL 

Coaland  "siilphiir" 

CoaL 

CoaL 

BonyooaL 

Coal 

CoaL 

CoaL 

"Mining  slate" 

CoaL 

CoaL 

Floor,  hard  flre  clay. 

Thickness  of  bed 

ThiekneM  of  coal  sampled — 


>» 


A 

12144 

2  1 

1      0 


1 

aO 

•  0 

0 


] 


1 
10 


3     9 
3      7 


B 

13145 
Ft.   in. 


3     6} 

3    10 


D 
12147  ^ 
Ft.   tn. 


1  3 

(■0  i 

0  6 

•  •  •  ■ 

0  1 

0  10 

dO  \ 

•  0  1 

aO  \ 

0  9 

3  7i 

3  5 


•  Not  inolnded  in  sample. 

Section  A  (sample  12144)  was  measured  at  the  &ce  of  the  main  heading,  5,000  feet 
southwest  of  the  mine  mouth. 

Section  B  (sample  12145)  was  measured  at  the  fiice  of  the  second  main  entry,  6,500 
feet  from  the  mine  mouth. 

Section  G  (sample  12146)  was  measured  at  the  fiice  of  back  heading  17.  The 
point  of  samplii^^  was  5,900  feet  west  of  the  mine  mouth. 

Section  D  (sample  12147)  was  measured  at  the  face  of  right  entry  4  o£E  the  second 
main  entry,  6,300  fe6t  east  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  &ce  samples  12144  to  12147,  inclusive. 

The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 

12148. 

Seetione  of  coal  bed  in  PenTieyhania  No.  22  mine. 


Seetion 

Laboratory  No 

Roof,  eannelooal  and  "draw  slate." 

Coal ^ 

Mother  coal  and  "soiphor  " 

Coal 

Mother  coal  and  "sulphur" 

Coal 

Coal  gray,  bony 

Coal 

Coal 

"Mining  slate" 

Coal 

Coal 

Floor,  hard  Are  day. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


A 

13136 

Ft,   in. 

0     8 

•?  4 


0 

0 

aO 


9 
1 


80  1 

(■0  li 

1  0 

4  1 

8  9 


B 
12137 
Ft.   in. 
1      51 


dO      11 
1      1 


•  0 

•  0 
aQ 

I 


,1 


8    11 
8      7J 


C 

13140 

Ft.   in, 

0    11 

0   4 


0 

1 

•  0 

(■0 

aO 

1 


i 


3    11 
3 


il 


D 
13141 

Ft.   in. 
0    10 

aO       i 


1 
aO 
aO 
»0 

0 


1 
H 


3     6| 
3     8 


•  Not  Included  in  sample. 

Section  A  (sample  12126)  was  measured  at  the  face  of  the  main  ninth  entry,  7,200 
feet  southwest  of  the  mine  mouth. 

Section  B  (sample  12127)  was  measured  on  the  lib  of  room  9,  right  entry  4,  o£E  the 
main  ninth  entry,  6,200  feet  southwest  of  the  mine  mouth. 


282 


ANALYSES  OF  COAL. 


Section  C  (sBinple  12140)  wis  UMasaied  mt  Uie  fuse  of  room  17,  off  li^t  entry  6,  off 
Uie  mjum  ninth  entiy,  7,400  feet  from  the  mine  month. 

Section  D  (sample  12141)  wie  meMoied  at  the  face  of  the  main  back  heading,  7,100 
feet  from  the  mine  mouth. 

Section  E  (sample  12142)  was  measoied  at  the  face  of  the  fourteenth  ii^t  off  the 
main  heading,  7,200  feet  from  the  mine  month. 

A  composite  sample  was  made  by  combining  face  samples  12126,  12127,  12140, 
12141,  and  12142.  The  lesolts  of  an  nltimate  anaiysis  of  this  sample  are  given  nnder 
kbomtary  No.  12143. 

iVotef .— At  the  time  of  sampling  the  coal  was  nndercnt  both  by  hand  and  with 
electric  chain  machines  and  shot  down  with  FFFF  black  powder  and  "40  per  cent" 
nitroglycerin  dynamite.  There  was  one  loading  track  at  the  tipple  with  a  capacity 
of  50  empty  and  100  loaded  cars.  AH  of  the  coal  was  shipped  as  nm^-mine.  The 
tipple  was  equipped  with  bar  screens  with  3-inch  openings;  if  screened  about  50  per 
cent  of  the  coal  would  pass  throng  the  3-inch  spaces.  Pickers  were  employed  on 
the  cars  in  loading.  The  capacity  of  the  stoiage  bin  was  165  tons.  The  mines  had  a 
capacity  of  1,500  tons  a  day,  with  a  daily  avenge  output  of  1,000  tons,  60  per  cent  of 
which  was  from  advance  workings.  There  was  apinoximatiely  5,000  acres  (rf  unmined 
coal  tributary  to  this  opening. 

Twin  Bocks.    Bio  Bxnd  No.  1  Minx. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  W19668,  W19609, 
W19672,  W19674,  W19676,  12208,  and  12215  (p.  82). 

Mine. — ^Big  Bend  No.  1,  a  drift  mine  in  Black  lick  Township  at  Twin  Rocks,  on 
the  Oeeson  division  of  the  Pennsylvania  Bailroad. 

Coal  bed. — ^Miller,  B,  or  Lower  Kittanning.  Oazboniferousage,  Allegheny  formation. 
Average  thickness,  3  feet  8  inches.  Roof,  smooth,  hard,  gray  shale  15  feet  thick, 
overlain  with  sandstone.    Floor,  hard,  smooth  shale,  underlain  with  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  W.  Miller  on 
April  29, 1911,  as  described  below: 

Sections  of  coal  bed  in  Big  Bend  No.  1  mine. 


Boctlon 

LabontonrNo 

Roof,  aandstone  and  shale. 

doal 

"Sulphur" 

"Coal" 

"Sulphur"  and  shale 

Coal 

Floor.  Rhale  and  lire  clay. 

ThickiieBSofbed 

Thkkness  of  ooal  samiiled . 


A 

wigeas 

Ft.  in. 
8      7i 


3 
3 


l\ 


B 

Wigeee 

Ft.  in. 

I  11 

s  .* 
?  4 


8 
3 


9 


c 

W19672 
Ft.  in. 

I     9 


•0 
1 

3 
8 


4 
3 


D 
W1M74 
FL  in. 
0     ^ 


>0 
3 


4 


3    n 

3      7 


s 

W1W7G 
Ft  in. 
4       3 


i 

4 


8 
3 


a  Not  included  to  sample. 

Section  A  (sample  W19668)  was  measured  at  the  face  of  room  11  off  the  drainage 
heading,  2,600  feet  northeast  of  the  main  opening. 

Section  B  (sample  W19669)  was  measured  at  the  face  of  the  water-level  heading 
2,000  feet  northeast  of  the  main  opening. 

Section  G  (sample  W19672)  was  measured  on  the  pillar  opposite  room  16,  Clag^iom 
section,  8,000  feet  east  of  the  main  opening. 

Section  D  (sample  W19674)  was  measured  on  the  pillar  to  left  of  main  heading, 
2,600  feet  east  of  the  main  opening. 

Section  E  (sample  W19676)  was  measured  on  the  pillar  to  the  left  of  the  main 
heading,  opposite  right  headings  6  and  7,  2,000  feet  east  of  the  main  opening. 

A  composite  sample  was  made  by  combining  face  samples  W19668  and  W19669. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12216. 
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A  compoedte  sample  was  made  by  combining  face  samples  W19672,  W19674,  and 
W19676.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory 
No.  12208. 

Notes, — ^At  the  time  of  sampling,  the  coal  was  undercut  by  hand  and  broken  down 
with  black  powder.  There  was  no  screen,  the  entire  output  being  shipped  as  run 
of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading 
track  with  a  capacity  of  10  cars.  The  mine  had  a  daily  capacity  of  450  tons,  with  an 
average  output  of  375  tons  a  day,  70  per  cent  of  which  was  from  advance  workings. 

TwiK  Rooks.    Bio  Bbnd  No.  6  Minb. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  W19670,  Wl967Iy 
W19673,  W19675,  W19677, 12707,  and  12227  (p.  83). 

Mme. — Big  Bend  No.  6,  a  drift  mine  in  Black  Lick  Township,  1  mile  north  of 
Twin  Bocks,  on  the  Oresson  division  of  the  Pennsylvania  Railroad. 

Coal  bed. — ^Miller,  B,  or  Lower  Eittanning.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  5  feet  9  inches.  The  roof,  a  hard,  smooth  gray  shale,  15  feet  thick, 
is  overlain  by  a  sandstone  cap  rock  25  feet  thick.  The  floor  is  a  hard,  smooth  shale; 
below  the  shsde  is  a  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  W.  Miller  on 
April  29, 1911,  as  described  below: 

Sections  of  coal  bed  in  Big  Bend  No,  6  mine. 


Seetkm 

Laboratory  No 

Boof,  abale  and  aandfltone. 

Coal 

<<Bal^iir"  streak 

Sbale 

Coal 

Fk)qr.  shale  and  fire  clay. 

Tnickneasofbed 

Thiekness  of  coal  sampled . 


A 

W19670 

Ft.   in. 

0     U 

aO       I 


3      7| 


3 
3 


n 


B 

Wlfl671 

Ft.   in. 

0     U 

aO       I 

Z     4} 


?l 


C 

W1M73 

Ft,    in. 

2     U 

aO      H 


3 
3 


n 


D 
W19675 
Ft.   in. 


3     ^ 


3 
3 


SI 


Wig677 
Ft,   in, 
0      t 

•6     i 

8     7} 


3 
8 


a  Not  indaded  in  sample. 

Section  A  (sample  W19670)  was  measured  at  the  face  of  room  1,  left  side  of  right 
heading  1  off  No.  9  drift,  900  feet  south  of  No.  9  opening.  There  were  sulphur  streaks 
in  the  coal  represented  by  this  section. 

Section  B  (sample  W19671)  was  measured  on  the  pillar  between  rooms  23  and  24 
off  the  main  heading,  1,'600  feet  northeast  of  the  main  opening.  There  were  irregular 
sulphur  streaks  in  the  coal  represented  by  this  section. 

Section  G  (sample  W19673)  was  measured  at  the  face  of  heading  13,  325  feet  from 
the  outcrop  and  3,500  feet  southeast  of  the  main  opening.  There  were  sulphur  streaks 
througjiout  the  coal  represented  by  this  section. 

Section  D  (sample  W19675)  was  measured  on  the  pillar  between  rooms  27  and  28 
off  the  main  heading,  2,000  feet  northeast  of  the  main  opening.  There  were  smaU 
irregular  sulphur  streaks  in  the  coal  represented  by  this  section. 

Section  E  (sample  W19677)  was  measured  at  the  face  of  room  10  on  the  left  side  of 
No.  9  drift,  700  feet  southwest  of  No.  9  opening.  Sulphur  balls  and  streaks  were 
frequent  in  the  coal  represented  by  this  section. 

A  composite  sample  was  made  by  combining  face  samples  W19671  and  W19675. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12207. 

Notes, — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down 
with  black  powder.  There  was  one  loading  track  at  the  tipple  with  a  capacity  of  16 
cars.  There  were  no  screens,  the  entire  output  being  loaded  as  run-of-mine.  Pickers 
were  employed  on  the  cars  in  loading.  The  mine  had  a  daily  capacity  of  450  tons 
and  an  average  daily  output  of  375  tons,  of  which  about  70  per  cent  was  from  advance 
workings. 
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Twin  Rocks.    Oomkkbgeal  No.  3  Mhrs. 

Sample. — SemibituminouB  coal;  Windber  field;  analyBM  No6.  12377,  ^20477, 
W20478,  W20479,  W20480,  and  W20481  (p.  83). 

Mine. — Commercial  No.  3,  a  alope  mine  at  Twin  Rocks,  on  the  Creeson  division  of 
the  Pennsylvania  Railroad. 

Coal  bedf.— Miller  or  B.  Carboniferous  age,  AU^eny  formation.  Average  thick- 
ness, 3  feet  9  inches.  The  roof,  a  black  shale  5  to  8  feet  thick,  is  overlain  by  sand- 
Btone.    The  floor  is  shale  ai^  bottom  coal,  underlain  by  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  W.  Miller  on 
June  10,  1911,  as  described  below: 

Seetioru  of  coal  bed  in  Commercial  No.  $  mine. 


deoilon .' 

LabonlorrNo 

Roof,  ■anostone  and  ahale. 

Coat 

"Su^ur"  streak 

"Sulphur"  ball. 

Coal 

"Sulphur" 

Coal 

"Sulphur" 

Coal 

"Sulphur" 

Coal 

Floor,  shale,  bottom  ooal,  and  fireclay. 

Tntokneesofbed 

Thiekneas  of  coal  sampled 


A 
W3M77 
FL    In. 
0     51 

*  •        •  • 

(■  1      3 
S      A\ 


8    10 


I 


B 

Wa0478 

Ft.    to. 

0      1 

0       I 

•  •         ■  • 


3     6 
3     61 


C 

WaM79 

Ft.    M. 

0     b\ 

0       I 


D 

WXMSO 

Ft,    to. 

0     1 

0       i 


3 

0 
0 
0 


3 


3    111 
3    HI 


E 

waotti 

Ft.    bu 

I  1 


\  3 


•  Not  liiplnded  in  sample. 

Section  A  (sample  W20477)  was  measured  at  the  face  of  the  main  heading,  6,200  feet 
northwest  of  the  mine  mouth. 

Section  B  (sample  W20478)  was  measured  on  the  pillar  of  fourth  right  heading,  5,000 
feet  from  the  main  entry  and  4,500  feet  northeast  of  the  mine  mouth. 

Section  C  (sample  W20479)  was  measured  at  the  face  of  seventh  right  heading,  450  feet 
from  the  main  entry  and  5,000  feet  northwest  of  the  mine  mouth. 

Section  D  (sample  W20480)  was  measured  at  the  face  of  seventh  left  entry,  700  feet 
from  the  main  entry  and  5,300  feet  northwest  of  the  mine  mouth. 

Section  E  (sample  W20481)  was  measured  at  the  face  of  fifth  right  heading,  5,000 
feet  from  the  main  entry  and  4,200  feet  north  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W20477,  W20479,  W20480, 
and  W2(>481).  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under 
laboratory  No.  12377. 

NoUb. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  with  machines 
and  shot  down  with  FFF  black  powder.  There  was  one  loading  track  at  the  tipple 
which  had  a  capacity  of  28  empty  and  28  loaded  can.  There  were  no  screens,  the 
entire  output  being  shipped  as  run-of-mine.  Pickers  were  employed  on  the  can  in 
loading .  The  mine  was  equipped  to  produce  about  1 ,000  tcms  a  day  and  was  operating 
at  full  capacity.  There  wss  approximately  850  acres  of  unmined  coal  tribntary  to 
this  opening. 

Twin  Rocks.    CommciAL  No.  4  Minx. 


Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12364,  W17061, 
W20501,  W20503,  W20505,  W20606,  W20508  (p.  83). 

Mine. — Commercial  No.  4,  a  slope  mine  near  Twin  Rocks,  on  the  Cresson  division 
of  the  Pennsylvania  Railroad. 
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Coal  bed. — Lower  Kittanning or  B .  CarboniferouB  age,  AUegheny  formation.  Aver- 
age thickness,  3  feet  9  inches.  Roof,  a  black  shale  5  to  8  feet  thick,  above  which  is  a 
sandstone  cap  rock.    Floor,  shale,  underlain  by  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  P.  M.  Riefkin  on 
June  12, 1911  and  at  one  point  by  G.  S.  Pope  on  January  26, 1911,  as  described  below: 

8ectUm»  o/eoai  bed  in  Commercial  No.  4  mine. 


Section 

A 

W2Q601 
Ft.    in, 

2  4 
0       J 

•  •            »  m 

•  •            ■  • 

i    H 

3  8 
3     8 

B 

W206O3 

Ft,    in. 

2     1 

0  i 

mm                 •    ■ 

»  «             •   m 
«  •             mm 

1  3§ 

C 
W2Ma5 
Ft.    in. 

2  0 

0     3 
0 

0  2 
0 

1  2 

3  8} 
3     8| 

D 
W20606 
Ft.    in. 

2  0 

0  t 

mm             •  • 

1  10| 

3  101 
3    lOf 

E 

W20S06 

Ft.    in. 

1    lU 

10      1 

•  •         •  • 

»  •             mm 

1      7* 

3   n 

3      7 

P 

Laboratorv  No 

W17061 

Roof,  sandstone  and  shale. 

Coal 

Ft.    in, 
0     6 

"  Sulphur  " 

0       i 

Coal 

"Sulphur" 

Coal 

Mother  coal 

Coal 

mm             «  M 
•   ■             »   ft 

8    ii 

Floor,  shale  and  fire  clay. 
Tn1c)mpmf>fb«d. 

3      7* 

Thickness  of  ooal  sampled 

3     7* 

a  Not  included  in  sample. 

Section  A  (sample  W20501)  was  measured  100  feet  from  the  face  of  the  main  heading, 
5,200  feet  north  of  the  mine  mouth. 

Section  6  (sample  W20503)  was  measured  on  the  sixth  pillar  of  east  entry  9  off 
right  entry  2  off  the  main  entry,  3,800  feet  northeast  of  the  mine  mouth. 

Section  0  (sample  W20505)  was  measured  at  the  face  of  east  entry  6  off  right  entry 
3  off  the  main  entry,  4,000  feet  northeast  of  the  mine  mouth. 

Section  D  (sample  W20506)  was  measured  on  the  rib  near  the  face  of  east  entry  7 
off  right  entry  3  off  the  main  entry,  4,800  feet  northeast  of  the  mine  mouth. 

Section  E  (sample  W20508)  was  measured  at  the  face  of  right  entry  3  off  the  main 
enhy,  4,900  feet  northeast  of  the  mine  mouth. 

Section  F  (sample  W17061)  was  measured  at  the  face  of  the  third  main  entry  off 
No.  4  slope. 

A  composite  sample  was  made  by  combining  face  samples  W20501,  W20505,  W20506, 
and  W20508.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under 
laboratory  No.  12364. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  both  by  hand  and  with 
machines  and  broken  down  with  FFF  black  powder.  There  were  no  screens,  the 
entire  output  being  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars  in 
loading.  .  There  was  one  loading  track  with  a  capacity  of  26  empty  and  26  loaded  cars. 
The  capacity  of  the  mine  was  600  tons  a  day  with  an  average  daily  output  of  450  tons. 
There  were  approximately  850  acres  of  unmined  coal. 

Twin  Rocks.    Commercial  No.  5  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  12375,  W17062, 
W20499,  W20500,  W20502,  W20504,  and  W20507  (p.  84). 

Mine. — Commercial  No.  5,  a  slope  mine  1  mile  from  Twin  Rocks,  on  the  Cresson 
division  of  the  Pennsylvania  Railroad. 

Coal  bed, — ^Miller  or  B.  Carboniferous  age,  Allegheny  formation.  Average  thick- 
ness, 3  feet  10  inches.  Roof,  shale  3  to  15  feet  thick,  overlain  by  a  sandstone  cap  rock; 
floor,  shale  underlain  with  fire  clay. 
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The  bed  was  meajsured  and  sampled  at  five  points  in  the  mine  by  E.  W.  Miller  on 
June  12, 1911,  and  at  one  point  in  the  mine  by  P.  M.  Kiefkin  on  January  2fi,  1911,  aa 
described  below: 

Sections  of  coal  bed  in  Commercial  No.  5  mine. 


Section. 

Laboratory  No 

Roof,  sandstone  and  shai«. 

Coal 

"Sulphur" 

CoaL 

"Sulphur" 

Coal.Tr. 

"Sulphur" 

CoaL 

••Sulphur" 

CoaL 

Floor,  shale  and  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


A 

W17062 
Ft.  in. 
0    10 

90         \ 


2  9} 

3  8 
3      7i 


B 
W20409 
Ft.  in. 

0  m 

0 
1 
0 
0 
0 
0 
0 
1 

3 
3 


C 
W20500 
Ft.  in. 

0     * 

«0       * 

0 

0 

1 
ao 

1 
aO 


2 
1 


3      71 
3      5} 


D 
W20602 

Ft.  in. 

1    11 
«0       k 


1     9 

3     8( 
3     8 


F 

W2Q607 
FU 
1 


0 
1 


0 
1 

8 
3 


4 

4 


a  Not  included  hi  sample. 

Section  A  (sample  W17062)  was  measured  at  the  face  of  room  1  off  east  heading  10 
off  the  main  entry. 

Section  B  (sample  W20499)  was  measured  at  the  face  of  the  main  heading;  4,700 
feet  northeast  of  the  mine  mouth. 

Section  C  (sample  W20500)  was  measured  at  the  face  of  room  7  off  rig^t  heading  1; 
500  feet  from  the  second  parallel  entxy  and  3,400  feet  northeast  of  the  mine  mouth.. 

Section  D  (sample  W20502)  was  measured  at  the  face  of  east  heading  12;  325  feet 
from  the  main  entry  and  4,700  feet  northeast  of  the  mine  mouth. 
'  Section  E  (sample  W20504)  was  measured  at  the  face  of  east  heading  11;  800  feet 
from  the  main  entry  and  4,000  feet  northeast  of  the  mine  mouth. 

Section  F  (sample  W20507)  was  measured  at  the  face  of  room  10  off  east  heading  10; 
750  feet  from  the  main  heading  and  3,900  feet  northeast  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W20499,  W20500,  'W20502, 
'W20504,  and  W20507.  The  results  of  an  ultimate  analyses  of  this  sample  are  shown 
under  laboratory  No.  12375. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down 
with  FFF  black  powder.  There  were  no  screens,  the  entire  output  being  shipped 
as  run-of-mine  coal.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one 
loading  track  at  the  tipple  with  a  capacity  of  28  empty  and  28  loaded  cars.  The 
mine  was  equipped  to  produce  500  tons  a  day  and  had  an  average  daily  output  of  300 
tons.    An  increase  to  800  tons  was  contemplated. 

OENTEB  COXTNTY. 

Osceola  Mills.    Electsig  Minb. 

i$amp20.— ^mibituminous  coal;  Windber  field;  analyses  Nos.  12067,  12068,  12009, 
12070,  and  12190  (p.  84). 

Mine. — ^Electric,  a  drift  mine,  one-half  mile  south  of  Osceola  Mills  on  the  Pennsyl- 
vania Railroad. 

Coed  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  5  feet.  Roof,  smooth  shale;  above  the  shale  is  a  cap  rock  about  15 
feet  thick.    Floor,  smooth  hard  fire  clay. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  P.  M.  Riefkin  on 
April  18,  1911,  as  described  on  the  following  page. 
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SeetUmt  of  eoal  bed  in  Electric  mine. 


Section 

Laboratory  No 

BooLshftte. 

Top  eoal 

Cofl. 

Solplniri  soft 

Coal,  bony 

Coal 

'<  Sulphur"  streaks,  soft. . . 

Coal 

"Sulplnir" 

Coal.. 

"Sutohur" 

Coal.. 

Bottom  ooal... 

Floor,  hard  fire  day. 

ThieknesBofbed 

ThlcfcOMB  of  ooal  sampled. 


A 

B 

c 

12067 

12068 

12060 

FL  in. 

Ft  in. 

FU  in. 

aO      U 
0     9{ 

80       1 

aO      1 

0     9 

I  4 

?  1 

0      4 

aO     3 

aO      2 

aO      2| 

aO      4 

oO      8 

oO      4 

X    Hi 

1      9 

0      2| 
ciO       i 

0      5 
aO       } 

1      8 

0       i 

a'o    *i 

•  •         •  * 

..     .. 

1     0 

0      7 

I      2f 

so      4| 

aO      5i 

aO      3 

4    10 

5      2} 

4    i! 

4    101 

8      » 

8    U{ 

D 
12070 
Ft.  ilk 
aO     1 

0 

0 

0 
dO 
ciO 

X 


4 


?l 


aO 


1 
aO 


8 
i 


4    10| 
3     9i 


a  Not  faidndBd  in  sample. 

Section  A  (sample  12067)  was  measured  at  the  face  of  right  entry  1,  off  the  new  drift 
entry. 

Section  B  (sample  12068)  was  measured  on  the  pillar  at  room  9,  off  left  entry  6,  off 
the  main  entry. 

Section  C  (sample  12069)  was  measured  on  the  pillar  at  room  7,  off  right  entry  4, 
off  the  main  heading. 

Section  D  (sample  12070)  was  measured  on  the  pillar  at  room  5,  off  left  entry  5| 
off  the  main  heading. 

A  composite  sample  was  made  by  combining  face  samples  12068,  12069,  and  12070. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12190. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  and  then  broken  down  with 
FFFF  black  powder.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were 
employed  on  the  cars  in  loading.  There  was  one  loading  track  with  a  capacity  of  20 
empty  and  15  loaded  cars.  The  mine  had  a  capacity  of  400  tons  a  day;  the  average 
output  was  about  300  tons,  80  per  cent  of  which  was  from  pillars  and  20  per  cent  from 
advance  workings.  There  were  approximately  200  acres  of  pillars  to  be  taken  out 
through  this  opening. 

Obcbola  Mills.    Mobhannon  No.  10  Minb. 

/9a)np2«.— Semibituminous  coal;  Windber  field;  analyses  Nos.  12057,  12058,  12050, 
12060,  12061,  and  12062  (p.  85). 

Mine. — ^Moehannon  No.  10,  a  drift  mine  in  the  Clearfield  district  one-fourth  of  a  mile 
north  of  Osceola  Mills  on  the  Pennsylvania  Railroad. 

Coal  bed. — ^Lower  Eittanning  or  B.  Carboniferous  age,  Allegheny  formation. 
Thickness,  3^  to  6  feet,  average,  5  feet.    Roof,  smooth  shale;  floor,  hard  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  P.  M.  Riefkin  on 
April  18,  1911,  as  described  below: 

SecHona  of  eoal  bed  in  Mo^umnon  No.  10  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Top  ooal 

Coal 

Coal,  hard  (grey) 

Coal,  bony 

"Sulphur" 

Coal 

"Sulphur" 

Coal 

Bottom  ooal 

'loor,  fire  day. 

ThickzMBSofbed 

ThfeknesB  of  ooal  sampled. 


A 

B 

C 

D 

E 

12067 

12058 

120S0 

12060 

12061 

FU  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

FU  in. 

0      1 

oO       1 

0     6} 

mm               mm 

aO     a 

0     6 

0     8} 

0     7 

0     8i 

aO      4 

oo      4 

aO      7\ 
OO      4} 

aO      2i 

oO     3 

OO     6 

aO      3 

OO      3 

aO      4 

1      5 

2 

1      9 

1      8 

1      6 

OO       \ 

aO 

0      4 

aO        \ 

•   •             mm 

0    11 

0  \{y 

0      5 

1      0 

mm               ■   • 

aO      1 

•  m            •  a 

aO 
0      4 
0      4i 

«  •         •  * 

aO        4 

8  n 

0      6i 
0      2 

•  *            mm 

0     3 

*    •               mm 

1  % 

4      5 
8     8i 

4      8J 
8      8{ 

3      8f 

3     ? 

1  % 

a  Not  included  in  aami>le. 
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Section  A  (sample  12057)  was  measured  on  the  rib  of  room  18,  40  feet  from  left  entry 
2,  off  right  entry  4. 

Section  B  (sample  12058)  was  measiired  at  the  face  of  room  21,  off  the  left  main 
heading. 

Section  C  (sample  12059)  was  measured  at  the  face  of  room  16,  off  the  right  main 
heading,  near  the  first  crosscut  to  the  right. 

Section  D  (sample  12060)  was  measured  at  the  face  of  right  heading  1. 

Section  E  (sample  12061)  was  measured  at  the  face  of  room  16,  off  right  heading  2. 

A  composite  sample  was  made  by  combining  face  samples  12057  to  12061.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  12062. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  electric  cutting  machines 
and  shot  down  with  FFFF  black  powder.  About  90  per  cent  of  the  output  was 
shipped  as  run-of-mine  coal,  the  machine  cuttings,  which  amounted  to  about  10  per 
cent  of  the  output,  being  loaded  separately.  Pickers  were  employed  on  the  cars  in 
loading.  There  was  one  loading  track  with  a  capacity  of  25  empty  and  15  loaded 
railroad  cars.  The  mine  was  equipped  to  produce  700  tons  a  day  and  had  an  average 
daily  output  of  500  tons,  about  75  per  cent  of  which  was  from  advance  workings.  An 
increase  of  about  50  per  cent  in  Uie  output  was  contemplated.  There  was  approxi- 
mately 600  acres  of  unmined  coal  tributary  to  this  opening. 

Osceola  Mills.    Weston  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  12063,  12064,  and 
12065  (p.  85). 

Mine. — Weston,  a  drift  mine  in  the  Clearfield  district,  one-half  mile  south  of  Osceola 
Mills,  on  the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  5  feet.  Roof,  smooth  black  shale;  floor,  hard  smooth  fire  clay. 
Neither  roof  nor  floor  material  got  mixed  with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  P.  M.  Riefkin  on 
April  18, 1911,  as  described  below: 

SectioTU  of  coal  bed  in  WuUm  mine. 


Section I      A 

Laboratory  No 13063 

Roof,  shale.  Ft.  M 

Top  coal ' 

Coal '     0 

"Sulphur" !  «0 

Coal 0 

Coal,  bony  (gray) «0 

Coal,  bony I  «0 

Coal,  gray I  «0 

Coal 2 

"Sulphur" I  .. 

Coal '  .. 

Bottom  coal »0 

Floor,  hard  fire  day. 
Thickness  of  bed. 


Thickness  of  coal  sampled . 


4 

3 


1 
J' 

4 


2i 


B 
U064 
Fi.  la. 


1 


«0 
aO 

2 

0 
aO 

h 
4 


1 
2 


1 

4 

11 


3» 
3 

4 


C 
12065 

Fu  hL 

aO      1 

1      4 


>0 
0 


5 

4 


1 
4 


3      3 


•  0     2 


3 

7 


a  Not  included  in  sample. 


Section  A  (sample  12063)  was  measured  at  the  face  of  left  entry  4,  off  the  main  entry. 

Section  B  (sample  12064)  was  measured  on  the  rib  of  the  main  heading  at  left  entry  7. 

Section  C  (sample  12065)  was  measured  on  a  pillar  at  room  8,  off  right  entry  1,  off 
the  main  heading. 

A  composite  sample  was  made  by  combining  face  samples  12063  and  12064.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12066. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  broken  down 
with  FFFF  black  powder.    Ail  of  the  coal  was  shipped  as  run-of-mine.    Pickers  were 


PENKSTLVANIA :  CLBABFIELD  COUNTT. 


289 


employed  on  the  can  in  loading.  There  was  one  loading  track  with  a  capacity  of  20 
empty  and  15  loaded  care.  The  mine  had  a  capacity  of  400  tons  and  a  daily  average 
output  of  200  tons.  Approximately  400  acres  of  unmined  coal  was  to  be  developed 
from  a  new  opening  on  this  property. 

CLBABFIELD  COUNTY. 

BoARDMAN.    Potts  Run  No.  3  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Noe.  12093,  12094,  12095, 
12096,  12097,  and  12008  (pp.  85,  86). 

Mine. — ^Potts  Run  No.  3,  a  drift  mine  in  the  Clearfield  district,  1  mile  west  of  Board- 
man,  on  the  New  York  Central  Railroad. 

Coal  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet  10  inches.    Roof,  shale;  floor,  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  P.  M.  Riefkin  on 
April  24, 1911,  as  described  below: 

SecHoru  of  coal  bed  in  Pottt  Run  No.  S  mine. 


Seetloii 

LabontotyNo 

Boof,  draw  shale. 

Ooal 

Sulphur 

Cori 

Bony  onl  to  shale. 

CoaLgray 

Coal 


Floor,  fira  day. 

Tlkicknessof  bed. 


Thickness  of  ooal  sampled. 


A 

120OS 

Ft.   in. 


3  3 

aO  1 

0  2i 

1  1 


3 


B 

laoM 

Ft.    in. 


2 
0 


3 
3 


1 

■  • 

5 


C 

12005 

Ft.    in. 


2 
aO 


3 
3 


\ 


6| 
6 


D 

12006 

Ft.    in 

•  0     1} 


2 
aO 


3 
1 


1      6 

3    lU 
3     9 


E 
12007 
Ft.    M. 

0  3| 
Streak. 

1  11 
oO     1| 

*  •      ■  • 
1      3i 

3     74 
8      6} 


a  Not  included  In  sample. 

Section  A  (sample  12093)  was  measured  at  the  face  of  right  entry  3,  off  the  main 
entry,  1,400  feet  southwest  of  the  mine  mouth. 

Section  B  (sample  12094)  was  measured  10  feet  from  the  face  cm  the  rib  of  right 
entry  4,  off  the  main  entry,  1,700  feet  southwest  of  the  mine  mouth. 

Section  G  (sample  12095)  was  measured  at  the  face  of  left  entry  3,  off  the  main  entry, 
1,680  feet  northeast  of  the  mine  mouth. 

Section  D  (sample  12096)  was  measured  at  the  face  of  the  main  heading,  2,000  feet 
north  of  the  mine  mouth. 

Section  £  (sample  12097)  was  measured  at  the  face  of  room  12,  off  right  entry  2, 
off  the  main  entry. 

A  composite  sample  was  made  by  combining  face  samples  12093  to  12097,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12098. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  broken  down 
with  FFFF  black  powder.  Dynamite  was  used  for  brushing  the  roof  and  floor. 
There  was  one  loading  track  with  a  capacity  of  18  empty  and  15  loaded  cars.  Hckera 
were  employed  on  the  car  in  loading.    The  mine  had  a  capacity  of  550  tons  a  day. 

B1U8BIN.    Lenorb  No.  1  AND  No.  2  Mines. 


i8famj92e.— Bituminous  coal;  Windber  field;  analyses  Nos.  12044,  12045,  12046,  and 
12047  (p.  86). 

Mines. — ^Lenore  No.  1  and  Lenore  No.  2,  drift  mines  in  the  Clearfield  district,  1  mile 
southwest  of  Brisbin,  on  the  Pennsylvania  Railroad. 
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Coal  bed. — ^Upper  Freeport  or  £.  CwboDiferouB  age,  Allegheny  formotioii.  Aver- 
age thicknesB  of  coal  mined,  3  feet.  Roof,  smooth  sandfltone ;  above  the  sandfltone  is  a 
second  cap  rock.    Floor,  smooth,  hard,  dark  fire  clay. 

The  coal  bed  was  measured  and  sampled  at  one  point  in  No.  1  mine  and  at  two 
points  in  No.  2  mine  by  P.  M.  Biefkin  on  April  17, 1911,  as  described  below: 

Sectiom  of  coal  bed  in  Leiiore  No.  1  and  No.  t  minu. 


Labontory  No 

RooCfihalA. 

Onl 

tfotbcrooal 

Coal 

Coal,  hard 

Floor  hard,  dark  lire  day. 

TlilekfMBS  of  bod 

ThickDMB  of  coal  sampled 


A 

B 

12044 

12045 

Ft,    M. 

FL    lit. 

0  ^ 

■  •     •• 

Streak. 

■  ■     • « 

1  11 
0  S 

%  ^ 

\  ^ 

2  7 
2  7 

c 

12046 
Ft.   <a. 


2     2| 
0     4 


Section  A  (sample  12044)  was  measured  at  the  face  of  left  heading  3,  off  No.  2  drift 
Section  B  (sample  12045)  was  measured  at  the  face  of  left  heading  2,  off  No.  2  drift 
Section  G  (sample  12046)  was  measured  at  the  face  of  left  heading  1,  off  the  main 
heading  off  No.  1  drift. 

Notu, — ^At  the  time  of  sampling  the  coal  at  these  mines  was  undercut  by  hand  and 
diot  down  with  FFFF  black  powder.  Both  mines  load  coal  over  the  same  tipple. 
There  was  one  loading  track  with  a  ciq[>acity  of  10  empty  and  10  loaded  cars.  All  of 
the  coal  was  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cans  in  loading. 
The  mines  were  equipped  to  produce  200  tons  a  day,  witii  an  average  daily  output 
of  150  tons,  all  from  advance  workings.  There  was  approximately  300  acres  of  un- 
mined  coal  tributary  to  these  entries.    The  two  mines  are  equipped  as  a  single  mine. 

Mabsba.    Bughbb  Mine. 

6^amp2e.— Semibitumlnous  coal;  Windber  field;  analyses  Nos.  12376,  W20435, 
W20436,  y^20437,  W20438,  and  W20439  (p.  86). 

Miru. — ^Bucher,  a  drift  mine  in  the  Qearfield  district,  2  miles  north  of  Madera,  on 
the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  Allegheny  formation.  Aver- 
age thickness,  3  feet  6  inches.  The  roof,  a  dark  shale,  is  overlain  by  cannel  coal  2  feet 
thick,  above  which  is  a  sandstone  cap  rock.  The  floor  is  a  hard  shale  1  to  2  feet  thick, 
underlain  by  a  hard,  rough  clay  about  10  feet  thick. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  H.  I.  Smith  on  June 
9, 1911,  as  described  below: 

Sectiom  of  coal  bed  in  BuAer  mine. 


Section 

Laboratory  No., 
Roof,  sandstone, 


^^«»»..w..»,  caimol  coal,  and  dark  shale. 

Bcny  coal 

Motbercoal 

Coal 

Oaimelooal 

CJoal 

"Hlnlnff  slate". 
Goal 

•*  Sulphur*' 

Goal 


Floor,  shale  and  flro  clay. 
Thidaiess  of  bed 


Thidmess  of  coal  sampled . 


A 

W30435 
Ft.    M. 


a  0      2 


0  7 

0  1 

0  114 

aO  I 

0  2 

8  IJ 

2  11 


B 
W30<36 
FL    in, 

•  «        •  • 

•  •         ■  • 

0  11 
0  1 
0    1 


1 


8     3 
3     ^ 


C 
Wa(M37 
Ft.    in, 

•  •         •  « 

oO      1 

•  ■         •  ■ 

0  11 
0  1 
0  11 
streak 
0 
0 
0 


4 


8     8 
8     2 


D 
W30438 
FL    in, 

1       i 


0 
0 

•  0 

•  0 
«0 

1 


1 
8 

i 


E 
Wa(M89 
Ft,   in. 

0     8} 


o  Not  included  in  sample. 
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Section  A  (aample  W20435)  was  measured  at  the  face  of  ninth  left  entry,  off  first  croas 
heading,  3,400  feet  northeast  of  the  mouth  of  the  main  entry. 

Section  B  (sample  W20436)  was  measured  at  the  face  of  eighth  right  heading,  3,800 
feet  northeast  of  the  mouth  of  the  main  heading. 

Section  G  (sample  W20437)  was  measured  at  the  face  of  tenth  right  heading,  4,500 
feet  northeast  of  ^e  mouth  of  the  main  entry. 

Section  D  (sample  W20438)  was  measured  at  the  face  of  seventh  left  heading, 
3,000  feet  northeast  of  the  mouth  of  the  main  entry. 

Section  £  (sample  W20439)  was  measured  at  the  face  of  seventh  right  heading, 
3,200  feet  northeast  of  the  mouth  of  the  main  entry. 

A  composite  sample  wasjooade  by  combining  face  samples  W20435  to  'W20439,  inclu- 
sive. The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory 
No.  12376. 

NoU$, — ^At  the  time  of  sampling  the  coal  was  undercut  with  machines  and  broken 
down  with  black  powder.  There  were  no  screens,  the  entire  output  being  shipped  as 
run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading 
Inck  at  the  tipple  with  a  capacity  of  about  40  cars.  The  mine  had  a  capacity  of  400 
tons  a  day  and  an  average  daily  output  of  250  tons,  of  which  the  larger  part  was  from 
advance  workings.  There  was  approximately  600  acres  of  unmined  coal  tributary  to 
this  opening. 

Madbba.    Morgan  Run  Minb. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12368,  W20402, 
W20403,  W20404,  W20405,  and  W20406  (p.  87). 

IHm. — ^Morgan  Run,  a  drift  mine  in  the  Clearfield  district,  1  mile  east  of  Madera  on 
the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Kittanningor  B.  Carboniferous  age,  Allegheny  formation.  Aver- 
age thickness,  3  feet  6  inches.  The  roof,  a  hard,  dark,  smooth  shale,  is  overlain  by  2  feet 
of  cannel  coal ;  above  the  cannel  is  sandstone.    Floor,  shale,  underlain  by  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  H .  I .  Smith  on  June  8, 
1911,  as  described  below: 

Sections  of  coal  bed  in  Morgan  Run  mine. 


Laboimtonr  No 

Bo(tf|anastoiie, cannel ooal, and  shale. 

"Solpiiar" .  - . . '  •  ■  -  -  - .  .  •  -  • .  - .  • 
Goal 

MotlMrooaL 

Oumelooal 

"Sulphur" 

Goal 

Oumelooal 

"Binder  slate" 

Coal 

"Binder  slate" 

Coal 

"Sulphur" 

Goal 

"Sulphur"  ban 

Coal 

Sony  ooal. 

Floor,  shale. 

Thickness  of  bed 

Tbi^ess  of  ooal  sampled 


A 

B 

C 

D 

W204(» 

waotos 

W204O4 

W2(M06 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

1       i 

0    H 

0     7k 

0     3 

Streak. 

Stzeak. 

Stzeak. 

Streak. 

0     H 
0     1 

0     2 

0     9 

0     3i 

6  "aj 

■  •             mm 
mm             w  m 

..    .. 

•  •        •  • 

s   «               ■    • 

Streak. 

aO        1 

0      7 

0     3 

mm             a   • 

0      5 

•  •             mm 

•  ■         ■  ■ 

0    u 

0      1 

0  4 

•  0       1 

streak. 

Streak. 

0     & 

1     3 

0    10 

streak. 

a  0      1 

Streak. 

oO     1 

0     2 

0     4 

0     4 

0   10 

Streak. 

Stzeak. 

•  ■        «  • 

Streak. 

0     3 

•  ■        ■  • 

•  •        •  • 

0     H 

o  0      k 
0     71 

•  •        •  • 

1     0 

•  0       4 

0  lol 

•  •             •  • 

■  •             ■  a 

•  •         •  ■ 

0      1 

0      } 

I    n 

8     3| 
3      2 

3      7| 

3     7l 

s    H 

E 
W20406 
Ft.  in. 

0     0 
Streak. 

0     4 

•  •        •  • 

0     1 

«  •         ■  • 

0  11 

0  1 
aO     1 

1  3* 


i  n 


a  Not  included  in  sample. 

Section  A  (sample  W20402)  was  measured  at  the  face  of  south  entry  4,  off  right 
entry  5. 
Section  B  (sample  W20403)  was  measured  at  the  face  of  east  entry  3,  off  right  entry  5. 
Section  C  (sample  W20404)  was  measured  at  the  face  of  south  entry  3,  off  right  entry  5. 


292 


ANALYSES  OF  GOAL. 


Section  D  (sample  W20405)  was  measured  at  the  face  of  south  entry  1,  off  rig^t 
entry  5. 

Section  £  (sample  W20406)  was  measured  at  the  face  of  the  main  heading. 

A  composite  sample  was  made  by  combining  face  samples  W20402  to  W2O406,  inclu- 
sive. The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory 
No.  12368. 

Note$, — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  broken  down 
with  black  powder.  There  was  one  loading  track  at  the  tipple  with  a  capacity  of  16 
empty  and  16  loaded  cars.  Pickers  were  employed  on  the  cars  in  loading.  The 
mine  was  equipped  to  produce  400  tons  a  day;  the  average  daily  output  was  380 
tons.    The  unmined  area  was  approximately  600  acres. 

MORBISDALE.      MoRRISpALE  No.  1,  No.  2,  AND  No.  3  MiNES. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12072  to  12082,  inclu- 
sive, and  12090  and  12092  (pp.  87,  88). 

Mines. — ^Morrisdale  No.  1,  Morrisdale  No.  2,  and  Monisdale  No.  3  shaft  mines,  each 
about  130  feet  deep,  in  the  Clearfield  district,  1  mile  south  of  Morrisdale,  on  the  New 
York  Central  &  Hudson  River  Railroad  and  the  Pennsylvania  Railroad. 

Coal  beds. — Lower  Kittanning  or  B,  and  the  Middle  Kittanning  or  0.  Carbon- 
iferous age,  Allegheny  formation.  The  coal,  as  mined,  has  an  average  tiycknese  of  4 
feet  6  inches  in  the  C  bed,  and  about  3  feet  6  inches  in  the  B  bed.  The  roof  of  both 
beds  is  a  sandy  shale;  the  floor  is  a  hard  fire  clay  with  smooth  surface.  The  B  bed 
was  measured  and  sampled  at  three  points  in  No.  1  mine  and  at  three  in  No.  3  mine 
and  the  C  bed  at  two  pointB  m  No.  1  mine  and  at  two  in  No.  2  mine  by  P.  M.  Riefkin 
on  April  20  and  21,  1911,  as  described  below: 

Sections  of  B  bed  in  Morrisdale  mines. 


Mine 

Sectkm 

Laboratory  No 

Roof,  shale. 

Topooal 

Coal 

"Sulphur" 

OoaL 

Bone 

Bonyooal 

Coal 

"Sulphur" 

Coal 

"Sulphur" 

Coal 

Floor,  hard  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


Shaft  No.  1. 


A 

12074 
Ft.  in. 
•  0       \ 

Streak. 
0 


1 


4 

1 


a  0 

1 

aO  i 

0  9| 
Streak. 

0  10 

i  4 


B 
12075 
Ft.  in. 

0       I 

0  5 
oO       i 

00     3 
SO     2} 

1  6 


■?'4 

3      4 


C 
12081 
Ft,  in. 


Shaft  No.  3. 


D 

120TO 

Ft.  in. 

so       i 

0     6 


0 
0 
2 
0 
0 


* 


6 
2 


*    IJ 

3      0 


E 

12077 

Ft.  in. 

»0       i 

0     8 


3      8 

2  m 


F 

12078 
FL  in. 
a  0      1 
0      H 

«'or  '7 

2      8 


I 'SI 


a  Not  included  In  sample. 

Section  A  (sample  12074)  was  measured  at  the  face  of  the  main  heading,  5,240  feet 
from  the  bottom  of  shaft  No.  1. 

Section  B  (sample  12075)  was  measured  at  the  face  of  room  13,  off  eighth  fight 
heading  off  the  main  heading,  5,040  feet  from  the  bottom  of  shaft  No.  1. 

Section  C  (sample  12081)  was  measured  at  the  face  of  room  45,  off  fourth  right 
entry,  off  the  main  heading,  5,200  feet  from  the  bottom  of  shaft  No.  1. 

Section  D  (sample  12076)  was  measured  at  the  face  of  room  5,  off  first  left  head- 
ing, off  new  slope  tunnel,  1,400  feet  from  shaft  No.  3. 

Section  £  (sample  12077)  was  measured  at  the  face  of  shaft  No.  2  heading,  main  dip, 
5,500  feet  from  shaft  No.  3. 

Section  F  (sample  12078)  was  measured  at  the  face  of  the  Monisdale  heading,  6,300 
feet  from  shaft  No.  3. 
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A  composite  sample  was  made  of  face  samples  12074, 12075,  and  12061.  The  results 
of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12090. 

A  composite  sample  was  also  made  of  face  samples  12076,  12077,  and  12078.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12092. 

Sectioru  of  C  bed  in  Morrisdale  mines. 


Mine 

Section 

Laboratory  No 

RooTsbato. 

Top ,  bony  coaL 

OoaL.. 

Mother  coal 

Coal 

"Sa^hnr" 

CoaLjray 

Goal.. 

o«J,«»y 

Coal 

Sbale 

Motbiv  coal 

CoaL 

Bony  coal 

Coal 

Bottom  coaL 

Floor,  fire  day. 

lUekDeaofbed 

TbicknesB  of  coal  sampled 


Shaft  No.  2. 

Shaft  No.  1. 

A 

B 

c 

D 

ia072 

12073 

12079 

12080 

Ft.  in. 

Ft.  in. 

Ft.  <n. 

Ft.  in. 

0    IJ 

0    2 

aO    31 
0    7l 

Streak. 

■  •         ■  tt 

0     6 

•  *         •  • 

■   •              aw 

0      i 

1    7J 

1    7 

1     4 

■  ■          ■  • 

0     i 

0    2} 

■  *          >  • 

0     1 

2  lii 

2    0 

2    5i 

1      3J 

0    1 

0      1 

0    4J 

0    10 

aO        i 

6 
0  s 

•  •           •  • 

0      2 

aO    1 

0      i 

0    6 

0      2 

•  ■         •  • 

oO    i 

■  •          •  ■ 

4    1(H 

4    1 

5    0 

4      6 

4      9 

4    0 

4    8J 

4      51 

a  Not  indnded  hi  sample. 

Section  A  (sample  12072)  was  measured  at  the  fare  of  the  sixth  heading,  4,500  feet 
fiom  the  bottom  of  shaft  No.  2. 

Section  B  (sample  12073)  was  measured  at  the  face  of  room  9,  off  the  second  left 
headii«,  off  Lucky  strike,  2,200  feet  from  the  bottom  of  shaft  No.  2. 

Section  G  (sample  12079)  was  measured  at  the  face  of  the  sump  heading,  3,100  feet 
fromshaltNo.  1. 

Section  D  (sample  12060)  was  measured  at  the  face  of  the  McEinley  heading  off 
Track  main  heading,  5,850  feet  from  the  bottom  of  ehaft  No.  1. 

A  composite  sample  was  made  by  combining  face  samples  12072  and  12073.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  12091. 

A  composite  sample  was  also  made  by  combining  lace  samples  12079  and  12080. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12082. 

Noiei, — ^At  the  time  of  sampling  the  coal  was  undercut  with  air  punchers  and  shot 

down  with  black  powder.    There  were  four  loading  tracks  at  the  tipple  with  a  capacity 

of  120  empty  and  160  loaded  railroad  cars.    The  entire  production  was  shipped  as  run- 

of-mine;  pickers  were  employed  on  the  cars  in  loading.    The  mine  was  equipped 

to  produce  about  2,700  tons  a  day  and  had  a  daily  output  of  2,240  tons.    About  75  per 

cent  of  the  coal  was  d^ved  from  advance  workings.    It  was  planned  to  increase  the 

production  about  600  tons  at  an  early  date.    There  was  approximately  4,000  acres  of 

umnined  coal  tributary  to  these  shafts.    All  of  the  mines  loaded  coal  over  the  same 

tipple. 

MuNSON.    Colorado  No.  5  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  12109,  12110,  12111, 
12112, 12113,  and  12114  (pp.  88,89). 

Mine. — Colorado  No.  5,  a  drift  mine  in  the  Clearfield  district,  at  Munson,  on  the 
New  York  Central  &  Hudson  River  Railroad. 

Coal  bed. — Lower  Kittanning  or  B .  Carboniferous  age ,  Allegheny  formation .  Aver- 
age thickness,  4  feet.  Roof,  shale;  floor,  fire  clay.  Particles  of  the  roof  or  floor  did 
not  become  mixed  with  the  coal  in  mining. 
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The  Sed  was  measured  and  sampled  at  five  poin^^  in  the  mine  by  H.  I.  Smith  on 
Apiil  22, 1911,  as  described  below: 

Sections  of  coal  bed  in  Colorado  No.  5  mine. 


Section 

Laboratory  No. 
Roof,  shale. 

Top  coal... 

Goal,  bony . 

Coal,  gray. 

Coal 

Coal,  gray. 

Coal 

Coal,  gray.. 

Coal 

"Sulphur". 

Coal 


Floor,  fire  clay. 

Tliiclaiess  of  bed , 


Thickness  of  coal  sampled . 


A 

12109 

Ft,   in. 

•0     9 

aO     4 

1     0 


2     0 

Streak. 


4     1 
3     0 


B 

12110 

Ft.    in. 

aO     ^ 

aO      3 

1      2i 


1    10} 

Streak. 
0     1 

4      2* 
3      2 


2  0 

0  J 

0  8 

3  2} 


D 

12112 

FL    in, 

»0     7} 


aO 
0 
0 
0 
0 
0 
2 


6 
1 


\ 


Streak. 
0     H 

4     31 
3     2 


E 
12113 
Ft,    in. 
aO     H 
oO      3 

0      8 


0 
0 


3 
1 


1      8 

!    I 


4     1( 
3 


SI 


o  Not  included  hi  sample. 

Section  A  (sample  12109)  was  measured  at  the  face  of  sixth  left  entry,  off  the  line 
heading. 

Section  B  (sample  12110)  was  measured  at  the  £ace  of  eighth  left  entry,  off  the  main 
heading,  3,000  feet  from  the  drift  mouth. 

Section  C  (sample  12111)  was  measured  at  the  fiace  of  the  main  heading,  3,600  feet 
from  the  drift  mouth. 

Section  D  (sample  12112)  was  measured  at  the  face  of  the  line  heading. 

Section  £  (sample  12113)  was  measured  at  the  face  of  sixth  left  heading,  off  the 
main  heading. 

A  composite  sample  was  made  by  combining  face  samples  12109  to  12113,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  12114. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  chain  machines  in  the 
lower  part  of  the  bed  and  broken  down  with  black  powder.  At  the  tipple  were  two 
loading  tracks  with  a  capacity  of  20  empty  and  15  loaded  cars.  The  cars  were  shifted 
twice  daily  by  the  railroad  company.  The  coal  was  hand  picked  wherever  neceaaary. 
The  mine  had  a  capacity  of  600  tons,  with  a  daily  output  of  350  tons,  derived  prin- 
cipally from  advance  workings. 

Osceola  Mills.    Fairiiount  No.  2  Minb. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  WlTOlO  and  W17012 

(p.  89). 

Mine. — Fairmount  No.2,  a  drift  mine  in  the  Clearfield  district,  3  miles  west  ol  Osceola 
Mills  on  the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Freeport  or  D.  Carboniferous  age,  Allegheny  formation.  Thick- 
ness, 5  to  6  feet.    Roof,  bone;  floor,  shale  underlain  by  fire  clay. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  P.  M.  Rielkin  on 
January  23, 1911,  as  described  below: 

Sections  of  coal  bed  in  Fairmount  No.  t  mine. 


Section 

Laboratory  No 

Roof.  bone. 

Coal 

Mother  cool 

"Sulfur" 

C5oal 

"Salphur" 

Coal 

Floor,  shale. 

TnJcknen  of  bed 

Thickness  of  coal  sampled 


A 

W17010 

J^.    in. 

2    lU 

0      } 

»    1 

0      7| 


5      1 
5      1 


B 
W17III2 
FL    hu 

0  \ 

1  6 


2     H 
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Section  A  (sample  W17010)  was  measured  at  the  face  of  room  5,  off  second  left 
heading. 

Section  B  (sample  W17012)  was  measured  at  the  face  of  room  14,  off  eighth  right 
heading. 

A  composite  sample  was  made  by  combining  face  samples  W17010  and  W17012. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  tmder  laboratory  No. 
17111. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down 
with  black  powder.  There  were  no  screens  at  the  tipple,  the  entire  output  being 
shipped  as  run-of-mine.    The  average  daily  output  was  about  300  tons. 

Phiupsbubo.    Guion  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  12367,  W20369, 
W20370,  W20371,  W20372,  and  W20373  (p.  89). 

Mine. — Guion,  a  drift  mine  in  the  Clearfield  district,  2  miles  west  of  Philipsbuig 
(Center  County)  on  the  Pennsylvania  Railroad. 

Coal  hed. — ^Miller,  B ,  or  Lower  Eittanning.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet  4  inches.  Roof,  black  shale  1  foot  thick,  overlain  by  roof 
coal  1  foot  thick;  above  the  roof  coal  is  a  sandstone  cap  rock.  Floor,  a  hard  sulphur- 
bearing  rock  8  inches  thick,  tmderlain  by  soft  smooth  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  H.  I.  Smith  on 
June  7, 1911,  as  described  below: 

Sections  of  coal  bed  in  Guion  mine. 


Sectkni 

LabontorrNo 

Boof,  aancbtoiie,  roof  ooal  and  blaok  shale. 

Coal,  bony 

Coal  wlUi  flakes  of  sulphur  on  "aljp6'\ 

Coal 

Coal,  bard 

Shale 

Coal 

"Sulphur" 

CUinelcoal 

Coal,  bard 

Coal,  soft,  fibrous 

"Sulphur" 

Coal 

FloOT,  sulphur-bearing  rook  and  fire  clay. 

TniokneBsofbed 

Thickness  of  ooal  sampled 


A 

W20a09 

Ft.   <n. 

0       9 


0  8 

1  'e 

d     '2| 


3 
3 


It 


B 
W20370 
FL    in. 


1 
0 

1 

d 


2 
3 

i 

2 


3      2 
3      2 


C 
W20371 
Ft.   in, 
aO     24 
oO    4 


0    104 
0    11 

Streak. 
0     7 

3     4 
2     8 


D 
W20872 
Ft.    in. 


0 
1 
0 

1 

•  • 

0 


6 
6 

•  ■ 

4 


3 
3 


n 


E 
W20373 
Ft.    in. 
aO     2^ 

0     '6 

«b'   "i 

0      6 


0 
0 


8 
9 

at 


3      64 
3     2} 


a  Not  Included  In  sample. 

Section  A  (sample  W20369)  was  measured  at  the  face  of  first  right  heading,  off  right 
entry  2,  4,000  feet  from  the  mine  mouth. 

Section  B  (sample  W20370)  was  measured  at  the  face  of  second  right  heading,  4,000 
feet  from  the  mouth  of  the  main  entry. 

Section  C  (sample  W20371)  was  measured  at  the  face  of  the  back  heading,  off  right 
entry  1,  2,500  feet  from  the  mouth  of  the  main  entry. 

Section  D  (sample  W20872)  was  measured  50  feet  from  the  face  of  first  left  heading, 
off  right  entry  2. 

Section  E  (sample  W20373)  was  measured  at  the  l&ce  of  first  left  heading,  off  right 
entry  1,  about  2,200  feet  from  the  mouth  of  the  main  entry. 

A  composite  sample  was  nuide  by  combining  fttce  samples  W20369  to  W20373 .  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12367. 

Notee. — ^At  the  lime  of  sampling  the  coal  was  undercut  with  machines  and  shot 
down  with  black  powder.  There  was  one  loading  track,  with  a  capacity  of  about  25 
cars.  There  were  no  screens,  the  entire  output  being  shipped  as  run-of-mine.  The 
mine  had  a  capacity  of  300  tons  a  day,  and  an  average  daily  output  of  about  250  tons. 
An  increase  in  the  production  to  900  tons  a  day  was  contemplated.  There  was 
approximately  300  acres  of  unmined  coal  tributary  to  this  opening. 

47e64'— BuU.  86—14 ^20 
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Smoke  Run.    Viola  Uine. 


Sample, — Semibituminous  coal;  Windber  field;  analysee  No.  11748,  11749,  11750, 
11761,  W18356,  W18356,  W18357,  W18368,  and  W18359  (pp.  89,90). 

Mine. — Viola,  a  slope  mine  in  Gulic  Township,  Clearfield  district,  8}  miles 
southeast  of  Smoke  Run,  on  the  Little  Muddy  Run  branch  of  the  Pennsylvania 
Railroad. 

Coal  bed. — Lower  Kittanning,  Miller,  or  B.  Carboniferous  age,  Allegheny  fonna- 
tion.  Average  thickness,  about  5  feet  4  inches.  The  bed  is  practically  level.  Roof, 
''draw  slate"  18  inches  thick,  overlain  by  sandstone;  floor,  hard  smooth  fire  clay. 
Cover,  100  to  125  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  L.  M.  Jones  on 
February  23,  1911,  as  described  below: 


Sections  of  coal  bed  in  Viola  mine. 


Section 

lAboratorv  No 

Roof,  sandstone. 

Coal,  soft  and  coarse. 

Goal,  soft  and  fine. . . 

Coal,  bony , 

Coal 


Coal,  bony 

Coal,  soft  and  fine 

Bone  (local) 

"Sulphur"  band 

Coal,  soft 

"Sulphur"  band 

Coal,  soft  and  dirty 

Floor,  fire  clay. 

Thickness  of  bed 

Thiolmess  of  coal  sampled . 


A 

B 

11748 

11749 

Ft.  in. 

Ft.  hi. 

0     6 

•  *         •  • 

1     4 

1      4 

*  •        ft  • 

0      1 

•  »        •  • 

0      4 

•  0    10 

OO    10 

3     8 

0    10 

•  •         •  • 

S  4 

aO        f 
0    11 

•  •       •  • 

aO 

•  •       •  • 

0      7 

5     8 

J    1 

4    10 

c 

117S0 
FL  In. 
0    10 

0      7 


•  1      0 

S  1 


5 
4 


t 


a  Not  included  in  sample. 

Section  A  (sample  11748)  was  measured  near  the  face  of  ninth  left  headiiig  beyond 
room  18,  1,300  feet  from  the  main  haulage  way. 

Section  B  (sample  11749)  was  measured  at  the  face  of  the  second  slant  to  the  ri^t 
near  room  3. 

Section  C  (sample  11750)  was  measured  at  the  face  of  the  main  entry,  4,750  feet 
southwest  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  temples  11748,  11749,  and  11750. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
11761. 

The  bed  was  also  measured  and  sampled  at  five  points  in  the  mine  by  P.  M.  Riefkin 
on  March  7,  1911,  as  described  below: 


Sections  of  coal  bed  in  Viola  mine. 


Section 

LaboratorvNo 

Roof,  sandstone. 

Coal 

"Sulphur" 

Coal 

Soft  bone 

Coal  bony 

Coal 

"Blue  binder" 

Coal 

"Sulphur"" !''!!!!!!.'!!!!! 

Coal 

Floor,  shale. 

Tnickness  of  bed 

Thickneas  of  coal  sampled . 


A 

W18356 
FL  in. 

1    7 


aO    3 
•  0    8 


a 

0 
0 


U 


B 
Wl83fi6 
FL  in. 

1   n 


C 

W18357 

FL   in. 

1    71 

D 
W18358 
Ft.  in. 
0     9 

•  •        •  • 

mm          mm 

«0    3 
AO   9 

0 

0    10 

■  0     3 

0     7 

2 
0 
0 


m 


3     31 

•  0      I 
0     4 


4    1 


^ 


E 
Wl83dO 
Ft.   in. 
1    3 
0 
0 
oO 
•  0 


I 

6 


1  10 
0  1 
0    4i 

5  0 
4     1 


«  Not  included  in  sample. 
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Section  A  (sample  W18356)  was  measured  at  the  fiace  of  tenth  left  entry,  100  feet  from 
room  12. 

Section  B  (sample  W18356)  was  measured  near  the  lace  of  the  third  slant  entry, 
100  feet  above  room  1. 

Section  G  (sample  W18357)  was  measured  near  the  face  of  left  heading  9. 

Section  D  (sample  W18358)  was  measured  at  thc^face  of  the  main  entry,  4,800  feet 
southwest  of  the  mine  mouth. 

Section  E  (sample  W18359)  was  measured  at  the  face  of  the  second  slant  entry,  100 
feet  above  the  third  slant  entry. 

Nota, — ^The  double-entry  room-and-pillar  system  of  mining  is  employed.  At  the 
time  of  sampling,  the  coal  was  undercut  by  hand  and  shot  down  with  FFF  black  powder. 
There  was  one  loading  track  at  the  tipple  with  a  capacity  of  20  empty  and  17  loaded 
cars.  There  were  no  screens,  the  entire  production  being  shipped  as  nm-of-mine. 
Pickers  were  employed  on  the  care  in  loading.  The  average  daily  output  was  about 
550  tons.    There  was  800  acres  of  unmined  coal. 


HITNTINGDOlf  COUNTY. 

ROBSRTSDALE.   ROBESTSDALB  MiNB. 

Sample. — Semibituminous  coal;  Broad  Top  field;  analjrsee  Nos.  12115, 12116, 12117, 
12118,  12119,  and  12120  (p.  90). 

Mine. — Robertsdale,  a  slope  mine  in  the  Broad  Top  district,  at  Robertsdale,  on 
the  East  Broad  Top  railroad,  with  connections  to  the  Pennsylvania  Railroad  at  Mount 
Union. 

Coed  bed. — Fulton,  Lower  Kittanning,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  5  feet.  Roof,  dark,  smooth  shale;  floor,  hard,  smooth  fire 
clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  H.  I.  Smith  on 
Apiil  25,  1911,  as  described  below: 

SecHoni  of  eoal  bed  in  RoherUdale  mine. 


Beetloo 

LabontoryNo 

RooTsbals. 

Bone  and  shale 

Goal 

Coal,booy 

Coal 

Coal,  bony 

Coal 

Coal,  gray 

Coal 

"Middle  rock" 

Coal 

Bone  and  ooal 

Coal 

"Sulphur"  and  bone 

Coal 

Bono  and  "snlphnr  " 

Floor,  hard  fire  day. 

TMc\  uww  of  bed 

ThJclmww  of  ooal  sampled 


A 

B 

C 

D 

12115 

12116 

12117 

12118 

Ft.    M. 

Ft.    in. 

FL    in. 

Ft.   in. 

«o    u 

aO      8 

aO      5 

•  0     1 

1      4 

0     2 

0      6 

1     9 

•  0      1 

•  0       \ 

aO      1 

•  •             s  • 

0     21 
aO      2{ 

0     2 

0      2 

•  •       •• 

aO       \ 

0      1 

a*        •• 

0     3 

0     8 

1      1 

•  •        •  • 

0      k 

0    11 

0       J 
0    11 

0  \ 

1  0 

0  4 

«1      1 

«0     8 

«0      6| 

oo      5 

•  •         •  • 

«  ■         ■  ■ 

0  r 

.. 

aO      2 

•  0     2 

'?  Jl 

aO      2 

«0      2 

aO      U 

I  1 

1      4 
aO      1 

0      6} 

e    7 

•  •         •  » 

0      6 

•  •         •  • 

aO        \ 

•  •         •  ■ 

OO      3 

\  % 

6      A 
3     9 

J  it 

6     8 
4      8 

E 

12119 
Ft,    in. 

mm  mm 

0     8 


0 
0 

•  • 

1 
«0 

•  « 

1 
0 
0 


4 


1 

0 

i 

4 
1 


3    11 
3 


i 


«  Not  indnded  in  sample. 

Section  A  (sample  12115)  was  measured  at  the  &ce  of  north  heading  6. 
Section  B  (sample  12116)  was  measured  at  the  iace  of  the  main  west  heading. 
Section  C  (sample  12117)  was  measured  at  the  face  of  south  heading  6. 
Section  D  (sample  12118)  was  measured  at  the  face  of  south  heading  8. 
Section  £  (sunple  12119)  was  measured  at  the  lace  of  eputh  heading  5. 
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A  composite  sample  was  imide  by  combining  face  samples  12115  to  12119,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No, 
12120. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down 
with  FFFF  and  FFF  black  powder.  At  the  tipple  was  one  loading  track  with  a  ca- 
pacity of  50  empty  and  50  loaded  cars.  All  of  the  coal  was  shipped  as  run-of-mine. 
Pickers  were  employed  on  the  cars  in  loading.  The  mine  had  a  capacity  of  about 
900  tons  a  day  with  an  average  daily  output  of  825  tons,  two-thirds  of  which  was  from 
advance  workings.  There  was  approximately  500  acres  of  unmined  coal.  The  slope 
is  connected  under  ground  with  the  Woodvale  shaft. 

WooDVALE.    Woodvale  Mine. 

Sample. — Semibituminous  coal;  Broad  Top  field;  analyses  Nos.  12121,  12122,  12123, 
12124,  and  12125  (pp.  90, 91). 

Mine. — ^Woodvale,  a  shaft  mine  in  the  Broad  Top  district  at  Woodvale,  on  the 
East  Broad  Top  railroad,  with  connections  to  the  Pennsylvania  Bailroad  at  Mount 
Union. 

Coal  bed. — Fulton,  Lower  Eittanning,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion.   Average  thickness,  5  feet.    Roof,  shale,  overlain  by  sandstone;  floor,  fire  clay. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  H.  I.  Smith  on 
April  24,  1911,  as  described  below: 

Sections  of  coal  bed  in  Woodvale  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

Mother  coal  and  "sulphur" 

Coal 

Bony  coal 

Coal 

Bony  coal  and  "sulphur".. 

Coal 

BonycoaL 

CoaL 

"Middierai'"!!!!!!!".!'.!'.. 

Bony  coal,  gray 

"Sulphur*' 

Coal 

Soft  parting 

Coal 

Bony  coal  and  "sulphur".. 

Coal 

Floor,  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled. . 


A 

12121 
Ft.    in. 
0     7i 

0    4 

0     6 


B 
12122 


C 
12123 


Ft.   <n.     Ft.    in. 


7J 


0       J 
0    10 


1      7J 


3     91 


1 
0 
0 
0 
0 


i 

9 


0     9    1  0  10 

«0      U  i  oO  U 

0     4  i  0  -i 

I 

4      6}  ;  4  91 

3      7|  3  Hi 


D 
12124 

Ft.  in. 

0  7 

0  111 

0  4 

aO  1 

2  ** 

oO  1 

0  im 

•  0  5 

•  0  2 


0 

0    1 
•      7 


•t 


t'3 


a  Not  included  in  sample. 

Section  A  (sample  12121)  vrsa  measured  at  the  face  of  first  south  heading. 

Section  B  (sample  12122)  was  measured  at  the  face  of  the  third  south  or  upcreek 
heading. 

Section  C  (sample  12123)  was  measured  at  the  face  of  the  second  west  tunnel. 

Section  D  (sample  12124)  was  measured  at  the  face  of  No.  7  or  Bolinger  heading. 

A  composite  sample  was  made  by  combining  face  samples  12121  to  12124,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12125. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  broken  down 
with  FFFF  and  FFF  black  powder.  There  were  two  loading  tracks  at  the  tipple  with 
a  capacity  of  50  empty  and  50  loaded  cars.  The  tipple  was  equipped  with  bar  screens. 
The  entire  output  was  shipped  as  run-of-mine  coal.  Pickers  were  employed  on  the 
cars  in  loading.  The  daily  output  was  000  tons,  which  was  from  both  advance  work- 
ings and  from  pillars.  There  was  approximately  800  acres  of  unmined  coal.  Thia 
mine  is  connected  underground  with  the  Robertsdale  slope  mine. 
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INDIANA  COUNTY. 
Clyhbk.    Empire  M  (MgEean)  Mine. 

Sample, — ^Bituminoua  coal;  Punxsutawney  field;  analyses  Nos.  12219,  W19678, 
W19680,  W19682,  W19685,  and  W19687  (p.  91). 

Mine. — ^Empire  M  (McKean,)  a  drift  mine  1}  milee  north  of  Clymer,  on  the  New 
York  Cential  RaUroad. 

Coed  bed. — Lower  Eittauning  or  6.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet.    Roof  hard,  smooth  shale;  floor,  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  P.  M.  Riefkin  on 
April  29, 1911,  as  described  below: 

SecHoM  of  coal  bed  in  Empire  M  {McKean)  mine. 


Seetion 

Laboratory  No 

Roof,  shale  and  bone. 

Coal 

Mother  coal 

Goal 

Oamnlcoal 

Coal 

"8alphiir,"80ft.. 

Coal 1 

"Sulphur/' hard. 

Mother  ooal 

Coal 

"Sulphur" 

Mother  ooal 

Coal 


Floor,  soft  fire  day,  smooth. 
fUeknessof  bed. 


Thiekneas  of  ooal  sampled , 


A 

Wig678 

Ft,   In. 

0    11 


0    1 
0    8 


0  J 

■  «         •  ■ 

1  6} 


3 
3 


B 

W19680 

Ft.    In. 

0    U 


0  1* 

1  0 


0     J 

"6    7J 
Streak 

•  •        «  < 

0    6 
3    2i 


0    7} 
Streak. 

•  •        •  • 

0    4} 


3 
3 


D 

W19686 
Ft.    In. 
1    0 


0     i 

0    9 
Streak. 
0   H 


0 
1 

0    1 


3 
3 


B 
W19687 
Ft.  In, 
1     i 


0     i 


SI 


0    7i 

3    31 
3    Si 


«  Not  Included  in  sample. 

Section  A  (sample  W19678)  was  measured  at  the  face  of  room  56,  off  right  entry  2,  off 
the  main  entry,  4,000  feet  east  of  the  mine  mouth. 

Section  B  (sample  W19680)  was  measured  at  the  comer  of  a  crosscut  at  room  40,  off 
right  entry  2,  off  the  main  entry,  3,000  feet  southeast  of  the  mine  mouth. 

Section  G  (sample  W19682)  was  measured  at  the  corner  of  the  pillar  of  room  44,  off 
right  entry  1 ,  off  the  main  entry,  2,500  feet  west  of  the  mine  mouth. 

Section  D  (sample  W19$85)  was  measured  near  the  face  of  the  first  parallel  off  the 
south  heading,  off  right  entry  1,  off  the  main  entry,  2,800  feet  southwest  of  the  mine 
mouth. 

Section  £  (sample  W19687)  was  measured  at  the  face  of  the  third  parallel  off  the 
south  heading,  off  right  entry  1,  off  the  main  entry,  3,000  feet  northwest  of  the  mine 
mouth. 

A  composite  sample  was  made  by  combining  face  samples  W19678,  W19680,  W19685, 
and  W19687.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  labor- 
atory No.  12223. 

Notea, — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
FFFF  black  powder.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were  em- 
ployed on  the  cars  in  loading.  There  was  one  loading  track  with  a  capacity  of  25 
loaded  and  50  empty  cars.  The  mine  was  equipped  to  produce  700  toas  a  day;  the 
average  daily  output  was  360  tons,  a  large  part  of  which  was  from  advance  workings. 
There  was  about  1,200  acres  of  unmined  coal  tributary  to  this  opening. 

Gltmbh.    Empire  R  Mine. 

Sample. — ^Bituminous  coal,  Punxsutawney  field;  analyses  Nos.  12219,  W19679, 
W19681,  W19683,  W19684,  and  W19686  (p.  91). 
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Mine. — ^Empire  R,  a  drift  mine,  1  mile  north  of  Clymer  on  the  New  York  Central 
&  Hudson  Biver  Railroad. 

Coal  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet;  cannel  coal  is  persistent  throughout  the  bed.  Roof,  smooth 
shale;  floor,  hard,  smooth  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  P.  M.  RielkLa  on 
April  29, 1911,  as  described  below: 

Sections  of  coal  bed  in  Empire  R  mine. 


Seotion 

Laboratory  No 

Roof,  shale  and  bony  coal. 

Coal 

"Sulphur"  and  mother  coal 

CkMd 

CSannel  coal,  gray 

Coal 

"Sulphur''  and  mother  ooal 

Coal 

"Sulphur" 

Mother  coal 

Coal 

Floor,  hard  fire  day .  smooth. 

Thiokneasofbed 

ThJokuess  of  ooal  sampled . . 


A 

B 

C 

W1967V 

wigesi 

W19683 

Ft.  in. 

Ft.  in. 

Ft.  in. 

8  1 

•  ■          •  ■ 

0     5 

Streak. 

0     5 

I 

0     7t 

0      i 

0 

0     1 

0      7 

0     7 

0    111 

•iO       i 

Streak. 

0     2 

..    .. 

2  1 

r^i 

Streak. 

1     H 

1     H 

1  n 

8     3 

3    lOi 

3     3 

3    10| 

D 

W196M 

Ft.  in. 

0     4 

0       i 

0     7 

0    4 

Streak. 

SI 
I  it 


wi90n 

Ft.  in. 


0 
0 


2      4i 


s 

3 


a  Not  included  in.  sample. 

Section  A  (sample  W19679)  was  measured  at  a  cross-cut  at  the  comer  of  room  47, 
off  left  entry  1  off  the  main  entry,  4,700  feet  southeast  of  the  mine  mouth. 

Section  B  (sample  W19681)  was  measured  on  the  pillar  at  room  28,  off  left  entry  2 
off  the  main  entry,  2,200  feet  east  of  the  mine  mouth. 

Section  G  (sample  W19683)  was  measured  at  the  face  of  room  3,  off  right  entry  1  off 
the  main  entry,  1,100  feet  south  of  the  mine  mouth. 

Section  D  (sample  W19684)  was  measured  at  the  face  of  room  11,  off  left  entry  5  off 
the  main  entry,  1,900  feet  southeast  of  the  mine  mouth. 

Section  E  (sample  W19686)  was  measured  near  the  face  of  room  43,  off  left  entry  4 
off  the  main  entry,  3,100  feet  from  the  mine  mouth. 

A  composite  sample  was  nuide  by  combining  face  samples  W19679,  W19683,  W19684, 
and  W19686.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under 
laboratory  No.  12219. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
FFFF  black  powder.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were 
employed  on  the  cars  in  loading.  There  was  one  loading  track  with  a  c^^adty  of  24 
empty  and  24  loaded  cars.  The  mine  was  equipped  to  produce  500  tons  a  day  and  had 
a  daily  average  production  of  275  tons.  About  75  per  cent  of  the  coal  was  derived 
from  pillars.  There  was  approximately  235  acres  of  unmined  coal  tributary  to  this 
entry. 

Glen  Campbell.    Indla.na  No.  6  Mine. 

Sample. — Bituminous  coal;  Punxsutawney  field;  analyses  Nos.  12102, 12103, 12104, 
12105,  12106,  and  12107  (p.  92). 

Mine. — Indiana  No.  6,  a  drift  mine  at  Glen  Campbell,  in  Montgomery  Township, 
2}  miles  north  of  Huvershurst  Junction  on  the  New  York  Central  &  Hudson  Kiver 
Railroad.  The  mine  is  connected  with  the  main  line  of  the  New  York  Central  by 
the  Huvershurst  &  Southwestern  B4ulroad. 

Coal  bed. — ^E  or  Upper  Freeport.  Average  thickness,  about  4  feet  10  inches.  Roof, 
shale ;  floor,  hard ,  smooth  fire  clay .  Cover  at  points  of  sampling,  100  to  225  feet.  The 
bed  was  sampled  at  five  points  in  the  mine  by  P.  M.  Riefkin  on  April  25,  1911,  as 
described  on  the  following  page. 
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Sectiom  o/cotU  bed  in  Indiana  No.  6  mine. 


Sectioii 

Labormtory  No 

Roof,  shale. 

Goal,  bony 

Coal...... 

"Sulpbur".^ 

Mother  coal 

Coal 

Mother  ooaL 

Coel,hard 

Coal 

Coal.bony 

Coal 

Coal,  bony 

Floor,  clay. 

ThickneBB  of  bed 

TbiBknesB  of  coal  sampled 


A 

12102    ■ 
Ft.   in. 
aO    3 
1    4 

B 
12103 

Ft.    in. 

aO     9 
1      8 

0      \ 

•  •          •  ■ 

0       i 

2    6* 

"i    9 

•  •          •  • 

-0     1 

0    4 
•iO    3} 

■   •            •  • 

aO      1| 

0      5 

aO      li 

4    31 
3    8{ 

4    101 
3    lOi 

c 

12104 

Ft.  in. 

oO  6 

1  10 

6  "l 

0  3 

0  f 

i  6 

aO  1| 

0  5 

«0  2i 

4  lU 

4  ll 


D 

12106 

Ft.    in. 

•0      71 


1 
aO 


i 


2  1 
aO  1 

0  5 

aO  1 

4  81 

3  11 


E 
12106 
Ft.    la. 
aO      5f 
0      7 

;  > 

0      I 

i   'oi 

aO      1 

0      6f 
aO      3 


a  Not  included  in  sample. 

Section  A  (sample  12102)  was  measured  at  the  face  of  left  heading  7,  off  the  main 
entry,  3,000  feet  northwest  of  the  mine  mouth. 

Section  B  (sample  12103)  was  measured  at  the  face  of  room  10,  off  left  entry  1,  off  the 
main  heading,  1,000  feet  northeast  of  the  mine  mouth. 

Section  G  (sample  12104)  was  measured  on  the  rib  near  the  face  of  room  14  in 
right  heading  7,  off  the  main  entry,  about  2,000  feet  northwest  of  the  mine  mouth. 

Section  D  (sample  12105)  was  measured  at  the  face  of  left  heading  6,  off  the  main 
entry,  about  2,200  feet  southwest  of  the  mine  mouth. 

Section  E  (sample  12106)  was  measured  near  the  i&ce  of  room  1,  off  right  heading  8, 
off  the  main  entry,  about  2,300  feet  northwest  of  the  mine  mouth. 

Note$. — ^The  mine  is  worked  on  the  room-and-pillar  system.  At  the  time  of  sam- 
pling, FFF  black  powder  was  used  both  for  breaking  the  coal  and  brushing  the  roof  or 
floor.  The  coal  was  undercut  by  hand.  The  output  was  350  tons  a  day,  with  a 
capacity  of  550  tons.  About  40  per  cent  of  the  coal  mined  was-  from  pillars  and  about 
60  per  cent  from  advance  workings.    There  was  about  100  acres  of  coal  tributary  to 

this  opening. 

HoMBB  Gmr.    Tearing  Run  Mine. 

Sample. — Bituminous  coal;  Punxsutawney  field;  analyses  Nos.  12373,  W20428, 
W20429,  W20430,  W20431,  and  W20432  (pp.  02,  93). 

Mine. — Tearing  Run,  a  drift  mine,  1  mile  northwest  of  Homer  City,  on  the  Pennsyl- 
vania Railroad. 

Coal  bed. — E,  or  Upper  Freeport.  Carboniferous  age,  Allegheny  formation.  Roof, 
shale  about  10  to  12  inches  thick,  overlain  by  sandstone;  floor,  hard,  smooth  shale. 
Average  thickness,  5  feet  6  inches.  There  is  a  persistent  binder  of  bony  coal  about  15 
inches  below  the  shale  roof. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  P.  M.  Riefkin  on 
June  9, 1911,  as  described  below: 

Sections  of  coal  bed  in  Tearing  Run  mine. 


Section 

Laboratoiy  No 

Boof,  sanqstone  and  gray  shale. 

Coal 

"Sulphur" 

Coal 

Bony  coal 

Coal: 

"Sulphur" 

Coal 

"Sulphur" 

Mother  ooal 

Coal 

Tloqr.  shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled. . 


A 

W20428 

FL    in. 

1      3 

aO       1 


1    llj 


0 
0      4 


3 


J 


» u 


B 
W20429 
Ft.    in. 

1     3 
aO       i 

0     3 
aO    10 

J  1 


2     0 

6    11} 
5     1 


C 
W20430 
Ft.    in. 
1     6| 


aO    11 

1      7J 
Streak. 


2     0 


D 
W20431 
Ft.   in, 
1     4J 


«6  'gj 

I  1 


2     8 


5    11 


n 


E 
W20i32 
Ft.    in. 

I      6 


1   lU 

^    i 

5     3| 


a  Not  included  in  sample. 
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Section  A  (sample  W20428)  was  measured  on  the  rib  of  room  10,  off  left  entry  1,  off 
the  main  heading. 

Section  B  (sample  W20429)  was  measured  at  the  face  of  right  entry  2,  off  the  main 
entry. 

Section  G  (sample  W20430)  was  measured  on  the  rib  near  the  face  of  left  entry  2, 
off  the  main  entry. 

Section  D  (sample  W20431)  was  measured  on  stump  No.  4,  ri^t  entzy  1,  off  the 
main  entry. 

Section  E  (sample  W20432)  was  measured  at  the  ''shoo  fly"  (cut-through),  100 
feet  beyond  left  entry  3,  off  the  main  entry. 

A  composite  sample  was  made  by  combining  face  samples  W20428,  W20429,  W20430, 
and  W20432.  The  results  of  an  ultimate  analysb  of  this  sample  are  shown  under 
laboratory  No.  12373. 

Note. — At  the  time  of  sampling  the  coal  was  undercut  with  machines  and  by  hand, 
and  shot  down  with  FFF  and  FFFF  black  powder.  At  the  tipple  there  was  one 
loading  track,  with  a  capacity  of  17  empty  and  17  loaded  cars.  There  were  no  screens, 
the  entire  output  being  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars 
in  loading.  Hie  mine  had  a  capacity  of  500  tons  a  day  and  an  average  dally  output  of 
about  350  tons,  of  which  the  laiger  part  was  from  advance  workings.  An  increase  in 
the  output  to  about  500  tons  was  contemplated.  There  was  approximately  400  acres 
of  unmined  coal  tributary  to  this  entry. 

JEFFEBSOlf  COUNTY. 
Stkesville.    Sykesvillb  Minb. 

Sample. — ^Bituminous  (coking)  coal;  Punxsutawney  field;  analyses  Nos.  12455  and 
12458,  and  12457  and  12471  (p.  93). 

Mine. — Sykesville,  a  shaft  mine  1  mile  south  of  Sykesville,  on  the  Bloomsbuig  A 
Sullivan  Railroad. 

Coal  bed. — Lower  Freeport  or  D.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  5  feet  6  inches;  dip,  2^  southeast.  The  main  roof  la  a  strong  sand- 
stone which  in  the  south  workings  is  underlain  by  shale.  In  the  north  workings  there 
IS  no  shale  and  in  places  the  sandstone  cuts  the  coal  entirely  <MX.  The  immediate 
floor,  a  hard  clay,  is  separated  from  a  sandstone  of  poor  quality  by  4  inches  of  brown 
limestone.    Cover  at  points  of  sampling,  about  300  feet. 

The  bed  was  measiued  and  sampled  at  two  points  in  the  mine,  and  the  roof  coal 
above  the  bed  was  measured  and  sampled  at  two  points  by  H.  I.  Smith  and  J.  T. 
Ryan,  on  July  24,  1911,  as  described  below: 

Sections  of  coal  bed  in  Sykesville  ndne. 

Section 

Laboratory  No 

Roof,  shale. 

Bony  coal 

Coal 

Cannel-like  bone 

Coal 

Bony  ooal 

Coal 

"Mtoing  slate" 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled 

a  Not  included  in  sample. 

Section  A  (sample  12455)  was  cut  from  the  pillar  at  the  last  cut-throug}i  between 
eighth  left  main  and  the  back  heading,  off  main  south  heading. 

Section  B  (sample  12458)  was  measured  at  the  face  of  the  third  right  butt  heading 
off  the  eighth  left,  off  the  main  south  heading. 


A 

1M56 

Ft. 

In. 

0 
0 

II 

0 

5 

•  • 

0 

1 

3 

1 

«0 

u 

0 

9 

6 

lOi 

5 

9 
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Sections  of  roof  coal  in  SykesvUU  mine. 


Section 

Labontory  No 

ahale. 

Coal 

BoDycoal 

Coal 

Shale 

Coal 

"Solphur" 

Coal 

Shale 

CoaL 

Shale 

Coal 

Bone 

Coal 

Shale 

Lower  Freeport  bed. 

ThJekiMBSofbed 

TfaJoknesB  of  coal  sampled 


A 

12457 

Ft.  in. 

0     1 

0     1 

0     6f 

aO      1 

S  '\ 

0      4 

ol      9 

0    10 

OO     3 

0      7 

0      2 

0    10) 
aO      4( 

6       h 

3      7 

B 

12471 
FU  in. 


0 
aO 

0 

1 

oO 


8 

ii 


2     7\ 


•  Not  faicluded  fai  sample. 

Section  A  (sample  12457)  was  measured  in  a  cavity  in  the  roof  between  the  third 
right  butt  and  back  heading,  off  the  eighth  main  off  the  main  south  heading. 

Section  B  (sample  12471)  was  measured  in  a  cavity  in  the  roof  on  the  third  right 
butt  heading  off  the  eighth  left  main,  about  200  feet  from  the  face  of  the  main  heading. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  sjrstem.  At  the  time  of  sampling 
the  system  in  vogue  was  to  drive  the  entries  to  the  boundary  line,  turning  the  room 
necks  as  the  entry  was  driven,  and  then  drive  the  rooms  and  pull  the  ribs  on  the 
retreating  system.  The  coal  was  undercut  with  compressed-air  punching  machines 
and  broken  down  with  a  permissible  explosive.  The  coal  was  picked  on  the  cars. 
None  of  the  coal  was  shipped  as  run-of-mine.  Two-thirds  of  the  coal  passed  over  a 
2}  by  4  inch  screen.  All  the  screenings  were  crushed  and  coked,  about  600  tons  being 
coked  daily.  There  were  two  loading  tracks  with  a  capacity  of  15  loaded  cars  and  15 
empty  cars.  The  daily  output  was  1,200  tons,  all  from  advance  workings.  About 
800  acres  of  this  tract  remained  to  be  mined. 


LACKAWANNA  COUNTY. 
DuNMORE.    Sloan  Mine. 

Sample. — ^Anthracite  coal;  Northern  field;  analysis  No.  11440  (p.  93). 

Mine. — Sloan,  Dunmore,  about  3  miles  east  of  Scranton. 

Coal  bed. — Dunmore  No.  2.  Carboniferous  age,  Allegheny  formation.  The  bed  was 
sampled  at  one  point  by  N.  H.  Darton  on  December  5, 1910.  The  sample  represents  7 
feet  of  coal.  The  sample  was  taken  in  connection  with  investigations  of  the  occurrence 
of  gases  in  coal  beds. 

LVZSRNB  COUNTY. 

PrrrsTON.    Colliery  No.  14. 

Sample. — ^Anthracite  coal;  Northern  field;  analysis  No.  11441  (p.  93). 

Mine. — Colliery  No.  14,  a  shaft  mine  2  miles  southwest  of  Pittston,  on  the  Erie  Rail- 
road. 

Coal  bed. — Pittston.  Carboniferous  age,  Allegheny  formation.  Thickness,  about 
13  feet.  A  sample  was  taken  by  N.  H.  Darton  on  November  21,  1910,  in  the  last 
chamber  at  the  end  of  the  Brannagan  slope.  The  sample  represents  the  full  thickness 
of  the  bed,  and  does  not  contain  any  impurities,  being  all  marketable  coal. 

Notes. — ^The  mine  is  opened  by  slope,  drift,  and  shaft.  At  the  time  of  sampling 
the  coal  was  mined  by  hand.    The  mine  employed  about  1,700  men. 
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Wilkbs-Babbe.    Dorrance  Minb. 

iSomp^.— Anthracite  coal;  Northern  field;  analybis  No.  11782  (p.  93). 

Mine. — Dorrance;  a  shaft  mine  in  Wilkes-Barre  Township  about  1  mile  west  of 
Wilkes-Barre,  with  rail  connections  to  the  Lehigh  Valley  Railroad. 

Coal  bed, — Red  Ash.  Carboniferous  age,  Allegheny  formation.  Thickness,  about  12 
feet,  all  of  which  is  marketable  coal.  Roof,  soft  sandstone  and  sandy  shale;  floor, 
fire  clay.  The  sample  was  taken  by  N .  H.  Darton  at  the  end  of  the  first  west  gangway, 
600  feet  northwest  of  the  shaft,  and  represents  the  entire  section  across  the  face. 

Notes. — ^The  mine  is  opened  by  a  shaft  1,127  feet  deep  and  the  coal  is  mined  by  the 
pillar-and-chamber  system.  At  the  time  of  sampling  the  mine  had  an  average 
production  of  1,800  tons  a  day. 

SOXBRSBT  COX7NTY. 
AcosTA.    Belmont  No.  1  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12209,  W19536, 
W19537,  W19538,  W19539,  and  W19643  (pp.  93, 94). 

Mine. — Belmont  No.  1,  a  drift  mine  in  the  Somenet  district,  one-quarter  mile  north 
of  Acosta  on  the  Boswell  branch  of  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — C^,  or  Upper  Kittanning.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet  4  inches.  Roof  gray-black  shale  about  18  feet  thick;  floor, 
shale  with  an  irregular  surface. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  S.  Pope  and 
£.  W.  Miller,  April  26, 1911,  as  described  below: 


Sectiorts  of  coal  bed  in  Belmont  No.  1  mine. 


Section 

Laboratory  Nos 

Roof,  ahale. 

Coal 

Bone  and  shale 

Coal 

"Sulphur"  soft  ball , 

Coal 

"Sulphur  "soft  ball 

Mother  coal , 

Coal 

Coal  (breast  harder  than  rest  of  section). , 

Coal 

Floor,  shale. 

Thickness  of  bed , 

Thickness  of  coal  sampled , 


A 

Wl963e 
FU  in. 
0     9| 


2  7 

3  6 
3      4| 


B 
W1M37 
Ft.  in. 
0     9^ 
aO      1 


2      7i 

I  n 


C 
W19538 
Ft.  in. 
0     5i 


0 
0 

m  m 

0 
0 
0 
3 

3 
3 


i 


2l 


D 
W1Q639 
Ft.  in. 

0     9\ 

0 

0 

0 

0 

0 


11 


3 


3 
3 


B 

W1954S 
FL  in. 
0      0 
aO      1| 


3      2| 
8      1 


a  Not  included  in  sample. 

Section  A  (raunple  W19536)  was  measured  at  the  face  of  room  4  off  the  main  heading, 
1,300  feet  from  the  mine  mouth. 

Section  B  (sample  W19537)  was  measured  at  the  face  of  the  third  left  entry,  60  feet 
from  the  main  entry. 

Section  G  (sample  W19538)  was  measured  at  the  face  of  room  3  off  the  first  right  entry. 

Section  D  (sample  W19&39)  was  measured  at  the  face  of  the  second  left  entry,  250 
feet  from  the  main  entry. 

Section  £  (sample  W19&43)  was  meaaured  at  tha  face  of  the  main  heading,  1,550 
feet  from  the  mine  mouth. 

Notes. — ^At  the  time  of  sampling  the  coal  was  overcut  by  hand  in  the  top  of  the  bed, 
and  FFFF  and  FFF  black  powder  was  used  in  breaking  it  down.  There  waa  one 
loading  track  with  a  capacity  of  16  cars.    There  were  no  sereena,  the  entire  ou^t 
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beiug  shipped  aa  run-of-mine.  Pickeis  were  employed  on  the  can  in  loading.  The 
coal  is  soft  and  friable.  The  mine  was  comparatively  new,  having  started  shipping 
coal  iu  Octobw,  1910.  It  had  a  capacity  of  250  to  300  tons  a  day  with  an  average 
daily  output  of  160  tons,  the  larger  part  of  which  was  from  advance  workings.  There 
waa  apprazimately  275  acres  of  unmined  coal  tributary  to  this  opening. 

Bbbun.    GoRONEr  No.  3  Mini. 

^am/>2e.— Semibituminouscoal;  Windber  field;  analyses Nos.  12214,  W19532,W19533, 
W19534,  W19535,  and  W19*542  (p.  94). 

Mine. — Coronet  No.  3,  a  drift  mine  in  the  Somerset  district,  1^  miles  east  of  Berlin 
on  the  Berlin  branch  of  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — "Smokeless"  or  Upper  Freeport.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  3  feet  6  inches.  Roof,  bony  coal  overlain  by  sandstone; 
floor,  hard  smooth  sandstone. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  S.  Pope,  April 
25,  1911,  as  described  below: 

SectioTU  of  coal  bed  in  Coronet  No.  ,1  mine. 


Laboratory  No 

Roof,  bony  coal  and  aandstone. 

Coal 

ghale 

Mother  ooal 

Coal 

"Suiphnr" 

Coal 

Sbato 

"Sulphur" 

Coal 

Bonyooal 

Coal 

Sbato 

Floor  sandstone. 

Tiil(AneaBofbed 

TbickHfls  of  coal  sampled . . 


A 

W19532 

Ft.  in. 

2    10 

0     1 


0    lOi 


3 
3 


SI 


B 
W1&533 
Ft.   in. 

1      4J 


1  2 

aO  i 

0  i 

0  9 


3 
3 


n 


c 

Ft.  in. 

1     6 

0    "i 


1      0 
aO      1| 


0    10| 


3      6) 
3      5 


D 

W10636 

Ft.  in. 

1     0 


?  * 

1  7 

aO  2 

0  Zh 

0  i 

0  6 


3 
3 


Jl 


B 
W19542 
Ft.  in. 

2     6 
•  0     ^ 

■  •         •  ■ 

S  1 

0     3 


■S"4 


aO        1 

3      8 
3      4) 


•  Not  included  In  sample. 

Section  A  (sample  W19532)  was  measured  at  the  face  of  the  eighth  left  entry,  15 
feet  beyond  room  15  and  2,950  feet  from  the  mouth  of  the  main  entry. 

Section  B  (sample  W19533)  was  measured  at  the  6ice  of  the  sixth  right  entry,  125 
feet  from  the  main  heading  and  2,500  feet  from  the  mouth  of  the  main  entry. 

Section  C  (sample  W19534)  was  measured  at  the  face  of  room  13,  seventh  left  entry, 
2,450  feet  from  the  mouth  of  the  main  entry. 

Section  D  (sample  W19535)  was  measured  on  the  pillar  between  rooms  2  and  3,  off 
the  main  air  course  between  third  and  fourth  right  entries,  1,400  feet  from  the  drift 
mouth. 

Section  £  (sample  W19542)  was  measured  at  the  face  of  seventh  right  entry,  50  feet 
beyond  room  8,  2,800  feet  from  the  mouth  of  the  main  entry. 

NoU». — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
FFF  and  FFFF  black  powder.  At  the  tipple  there  was  one  loading  track,  with  a 
capacity  of  12  cars.  There  were  no  screens,  the  entire  output  being  shipped  as  run-of- 
mine  coal.    Pickers  were  employed  on  the  cars  in  loading. 

The  coal  near  the  roof  gradually  becomes  harder  and  merges  into  bone,  without 
any  distinct  line  of  separation  between  the  beds. 

The  mine  was  equipped  to  produce  about  300  tons  a  day,  and  had  an  average  daily 
output  of  150  tons.  The  coal  was  derived  from  both  advance  and  pillar  workings. 
The  mine  had  been  in  operation  about  six  years. 
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CONPLUBNCE.      LiNMER  MiKB. 

Sample, — BitummouB  coal;  Somerset  field;  aiial3rBi6  No.  13631  (p.  94). 

Mine. — Limner;  a  drift  mine  about  4^  miles  southeast  of  Confluence,  on  Whites 
Creek,  near  Beachly  post  office,  on  a  branch  of  the  Baltimore  &  Ohio  Railroad. 

Coal  bed, — C^  or  Upper  Kittanning.  Carboniferous  (Pennsylvanian)  age,  All^heny 
formation.  Average  thickness,  about  4  feet  3  inches.  Roof,  sandstone;  floor,  hard 
clay. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  March  29, 1912.  The  sample 
represented  a  3-foot  6}-inch  section  of  coal. 

The  sample  was  taken  at  the  end  of  the  back  subentry,  off  main  entry  1,  at  a  point 
about  2,500  feet  southeast  of  mine  mouth. 

Elk  Liok.    Engls  Mink. 

Sample. — Semibituminous  coal;  Windber  field;  analysis  No.  13963  (p.  95). 

Mine. — ^Engle;  about  2)  miles  east  of  Elk  Lick  on  Pine  Run. 

Coal  bed. — D  (7)  Carboniferous  (Pennsylvanian)  age ;  Allegheny  formation.  Average 
thickness,  about  3  feet.  Roof  and  floor,  shale.  The  strata  at  this  locality  dip  about 
13°  W.  and  strike  N.  38*»  E. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  April  2, 1912,  as  described 

below: 

Section  of  coal  bed  in  Bngle  mine. 


Laboratory  No 

Roof,  shale. 

Coal 

Bone  and  coal  alternating. 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


13063 
Ft.  in. 

2      4 
aO      3 

0      Oi 


2    1 


M 


a  Not  included  in  sample. 

The  sample  was  collected  in  a  room  in  this  "country  bank, ''  about  600  feet  east  of 
the  mine  mouth. 

Elk  Lick.    Grassy  Ruk  No.  1  Mine. 

Sample. — Semibituminous  coal;  Somerset  field;  analysis  No.  13664  (p.  95). 

Mine. — Grassy  Run  No.  1,  about  2)  miles  northwest  of  Elk  Lick,  on  a  branch  of  the 
Baltimore  &  Ohio  Railroad. 

Coal  bed. — Four-foot  Carboniferous  (Pennsylvanian)  age;  Monongahela  formation; 
about  35  feet  stratigraphically  above  the  Pittsburgh  bed.  Average  thickness,  about 
4  feet  6  inches.    Roof,  shale  1  foot  3  inches,  overlain  by ' '  wild  coal, ' '  floor,  sandy  bone. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  C.  T.  Lupton  on 
April  1,  1912,  as  described  below: 

Section  of  coal  bed  in  Grassy  Run  No.  1  mine. 


Laboratory  No 

Roof,  shale. 

Coal 

Bone 

Coal 

Floor,  sandy  bone. 

Thickness  of  bed 

Thickness  of  ooal  sampled . 


136M 
PL  in. 

2     0 
•0     1 

2     e 

4      7 
4      6 


a  Not  included  in  sample. 
The  sample  was  taken  in  a  room  about  1,200  feet  southwest  from  the  mine  mouths 
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HOLSOPFLB.      LbNORB  MiNE. 

Sample. — Semibituminoiis  coal;  Windber  field;  analyses  Nos.  15078,  15079,  15080, 
15081,  and  15082  (p.  96). 

Mine. — Lenore,  a  shaft  mine,  one-eighth  of  a  mile  north  of  Holsopple  station,  on  the 
Baltimore  &  Ohio  Railroad. 

Coal  bed. — ^B  or  Miller.  Carboniferous  age,  Allegheny  formation.  Thickness,  3  feet 
to  4  feet,  bdily  uniform.  The  bed  has  no  regular  shale  or  sulphur  partings.  The  roof 
is  a  sandstone  iidiich  does  not  fall  or  get  mixed  with  the  coal.  Floor,  hard  smooth 
underclay  and  black  ''rash.''       Cover  at  points  of  sampling,  160  to  260  feet. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  G.  H.  Deike  and 
f^dwin  Higginw  on  November  6,  1912,  as  described  below: 

Sections  of  coal  bed  in  Lenore  mine. 


Sectioxi. 

Laboratory  No 

RoofisandirtoiiB. 

Coal,  hard,  bright. 

Coal,  dull  eray.... 

CoaLsoftfOrisfht.. 

"B^lihnr'' 

GoaL  soft,  bright.. 

Mother  coal. 


A 

15078 

Ft.   in. 

0     7 


0 

1 

ao 

1 


i 


Goal,  80ft.  bright 

Floor,  andenday. 

Tntekneag  of  ooal  bed 3 

Thickness  of  bed  sampled 3 


1 
1 

7 


9 


B 

C 

15079 

15080 

Ft.   in. 

Ft.    in. 

0  9 

0     9 

0  I 

0  U 
0  111 

•  •    «  «  • 

•  •    ■  •  « 

Streak. 

2  9f 

*  •        *  A  ■ 

I  1 

•  •        •  •  ■ 

0  3 

8   7 

3  31 
3   31 

3   7 

D 
15081 
Ft.  in. 
0     8 
0 
0 
0 
1 


8 


3 
3 


•  •  • 

•  «  « 


a  Not  included  in  sample. 

Section  A  (sample  15078)  was  measured  on  rib  in  right  entry  i,  200  feet  from  main 
entry. 

Section  B  (sample  15079)  was  measured  at  the  face  of  south  entry  3. 

Section  G  (sample  15080)  was  measured  30  feet  from  the  face  of  the  main  entry. 

Section  D  (sample  15081)  was  measured  30  feet  from  the  face  of  south  entry  7. 

A  composite  sample  was  made  by  combining  samples  15079, 15080,  and  15081.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  15082. 

Notes. — ^The  mine  is  opened  by  a  shaft  87  feet  deep  and  the  coal  is  mined  by  the 
room-and-pillar  method.  At  the  time  of  sampling  the  coal  was  undercut  by  com- 
pressed-aiT  cutting  machines  and  by  hand  and  blasted  down  with  FFF  black  blasting 
powder.  A  permissible  explosive  was  used  for  brushing  the  floor  and  roof .  The  entire 
output  was  shipped  as  run-of-mine.  Pickers  were  employed  on  the  car.  There  were 
two  loading  tracks  with  a  capacity  of  20  empty  cars  and  30  loaded  cars.  The  average 
daily  output  was  200  tons  with  a  maximum  day's  run  of  400  tons.  The  capacity  was 
estimated  to  be  GOO  tons  a  day. 

Holsopple.    Oneida  Mine. 

Sample. — Semibituminoiis  coal;  Windber  field;  analyses  Nos.  15073,  15074,  15075, 
15076,  and  15077  (p.  95). 

Mine. — Oneida,  a  slope  mine  one-eighth  of  a  mile  north  of  Holsopple,  on  the  Bal- 
timore A  Ohio  Railroad. 

Coal  bed. — Known  as  the  Upper  Kittanning  or  C,  Carboniferous  age,  Allegheny 
formation.  Thickness,  3  feet  6  inches  to  4  feet;  average,  3  feet  8  inches.  Roof,  heavy 
sandstone;  floor,  hard  limestone.  Particles  from  the  roof  or  floor  did  not  become 
mixed  to  any  extent  with  the  coal  in  loading. 
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The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  G.  H.  Deike  and 
Edwin  Higgins  on  November  6  and  7,  1912,  as  described  below: 

Sections  of  coal  bed  in  Oneida  mine. 


Section 

LaboratorvNo 

Roof,  sanastone. 

Coal,  soft,  bright,  friable . 

Coaly  hard,  grav,  bony. . 

" uble 


Coal,  bright,  frj 
Coal,  hard,  gray. . 
Coal.  hard,  bright 
Buiphnr^'  streak. 


41 


Coal,  hard,  bright. 

Coal 

Floor,  limestone. 

Thickness  of  bed 

Thickness  of  ooal  sampled. 


A 
U073 
Ft.   in. 
0       0 
0       4 

B 

15074 

Ft.    in. 

0    11 

0      ! 

2       3 

«  «         •  ■  • 

1      7 
0       1 
0    11 

•  ■         •  • 

3       4 
8       4 

3     5{ 
3     sl 

C 
1S075 
Ft.   in. 
0   m 

0       { 

0     3 
0 
1 
0 


3 
3 


1 


0      1 


D 

1507S 

Ft,  in, 
1  0 
0        1 


^il 


4 
4 


11 


0 

• 


Section  A  (sample  15073)  was  measured  on  a  pillar  in  room  6  off  left  entry  5 

Section  B  (sample  15074)  was  measured  at  the  foce  of  room  3  off  left  entry  6. 

Section  C  (sample  15075)  was  measured  15  feet  from  face  of  left  entry  5. 

Section  D  (sample  15076)  was  measured  at  the  £ace  of  room  23  off  left  entry  3. 

A  composite  sample  was  made  by  mixing  tBice  samples  15074,  15075,  and  15076. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  15077. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  with  compressed- 
air  punching  machines  and  shot  down  with  FFF  black  powder.  Permissible  explo- 
sives were  used  for  blasting  the  roof  or  floor.  The  tipple  was  used  both  by  the  Oneida 
and  Lenore  mines  but  the  coal  was  not  mixed,  as  each  mine  had  a  separate  dump. 
A 11  coal  was  shipped  as  nin-of -mine.  Pickers  were  employed  on  the  cars.  There  were 
two  loading  tracks  at  the  tipple  with  a  capacity  of  20  empty  and  30  loaded  railroad 
cars.    The  average  daily  output  was  200  tons,  the  maximum  day's  run  beii^  300  tons. 

Jerome.    Jerome  No.  2  Mine 


Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12210,  W19638, 
W19639,  and  W19642  (p.  95). 

Mine. — Jerome  No.  2,  a  shaft  mine  in  the  Somerset  district,  at  Jerome,  on  the  Som- 
erset &  Cambria  branch  of  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — C^,  or  Upper  Kittanning,  Carboniferous  age,  Allegheny  formation.  The 
coal  has  an  average  thickness  of  6  feet  (including  6  inches  of  bone).  The  bone  and  shale 
are  persistent  at  the  top  of  the  bed  and  irregular  in  the  body  of  the  bed.  The  roof  is 
a  bony  coal  averaging  6  inches  in  thickness  overlain  by  a  limestone  capping.  Floor, 
hard  smooth  sandstone. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  May  22, 1911,  and 
at  3  points,  on  April  27,  1911,  by  G.  S.  Pope,  as  described  below: 

Sections  of  coal  bed  in  Jerome  No,  2  mine. 


Section 

Laboratory  No 

Roof,  bony  ooal  and  limestone. 

Bone  and  shale 

Coal 

Bone,  shale,  and  ooal 

Coal 

Fkwr.  sandstone,  hard. 

TnUkness  of  bed 

Thickness  of  ooal  sampled . 


A 

W1M88 
Ft.  in. 
aO 

I 
aO 

4 


3 


6     6 
5     8} 


B 
W1909 
Ft.   In. 

1     3 
•  0      1 

4  3 

«       I 

5  5 


0 
W19M3 

FL    in. 

oO      4 

1      0 

•  0    11 

3      H 

\  4 


•  NQt  included  In  sample, 
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Section  A  (sample  W19638)  was  measured  at  the  face  of  south  entry  7  off  east  entry  1^. 

Section  B  (sample  W19639)  was  measured  at  the  face  of  south  entry  4  off  east  entry  2. 

Section  C  (sample  W19642)  was  measured  at  the  face  of  east  entry  2. 

Sample  12210  was  measured  at  the  &ce  of  east  entry  1. 

A  composite  sample  was  made  by  combining  face  samples  W19638)  W19639,  and 
W 19642.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory 
No.  12224. 

NoUs, — In  April,  1911,  the  coal  was  undercut  with  machines  and  by  hand  and  was 
broken  down  with  a  permissible  explosive.  The  mine  was  well  equipped.  The 
tipple  had  4  loading  tracks  with  a  capacity  of  80  cars.  The  coal  was  screened  with  bar 
screens  10  feet  long,  with  3-inch  openings;  75  per  cent  of  the  coal  passed  through. 
The  coal  was  hand  picked  both  on  the  conveyor  and  on  the  car  in  loading.  The  mine 
had  a  capacity  of  1,700  tons  a  day  with  an  average  daily  output  of  1,020  tons,  which 
was  largely  from  advance  workings.  It  was  planned  to  increase  the  production  to 
about  1,500  tons.    The  operating  company  owned  or  controlled  about  1,000  railroad  cars. 

Penehill.    Consolidation  No.  112  Mine. 

Sample, — Semibitimiinous  coal;  Somerset  field;  analyses  Noe.  13981,  13982,  and 
14037  (p.  96).     . 

Mine. — Consolidation  No.  112,  at  Pinehill,  on  the  Berlin  branch  of  the  Baltimore 
&  Ohio  Railroad. 

Coal  bed. — "Little  Pittsburgh.'*  Carboniferous  (Pennsylvanian)  age;  in  the  upper 
part  of  the  Conemaugh  formation,  about  147  feet  stratigraphically  below  the  Pitts- 
burgh bed.  Average  thickness,  about  3  feet  4  inches.  Strata  are  flat-lying,  with  a 
maximum  dip  of  about  5  per  cent.  Roof,  shale  grading  into  sandstone  above;  floor, 
carbonaceous  shale  with  some  clay. 

The  bed  was  sampled  and  measured  by  C.  T.  Lupton  at  two  points  on  April  3, 
1912,  as  described  below: 

Sections  of  coal  bed  in  Consolidation  No.  112  mine. 

Laboratonr  Nos 

Roof,  aandy  shale,  gredlog  into  sandstone  above. 

Coal  (usaally  not  mjned) 

Shale. 

CoaL 

Bone,  variable 

Coal,  with  oooeuional  small  lenses  of  pyrlte 

Floor,  shale  and  day. 

Tifticknenorbea 

Thickness  of  coal  sampled 


13981 

13982 

Ft.  in. 

Ft.  in. 

•  •         «  • 

aO    7 

■  •         «  ■ 

«0    8 

2    6 

2    0 

?  1 

1     1 

3    7 

4    4) 

3    7 

3    1 

•  Not  Included  in  samjde. 

Sample  13981  was  taken  in  room  44.  right  subentry  8  off  the  west  main  entry,  about 
3,600  feet  west  of  the  mine  mouth. 

Sample  13982  was  taken  in  room  8,  right  subentry  1  of!  left  entry  12,  about  5,000 
feet  southwest  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  13981  and  13982.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  14037. 

Pinehill.    Consolidation  No.  113  Mine. 

Sample. — Semibituminous  coal;  Somerset  field;  analysis  No.  13984  (p.  96). 

Mine. — Consolidation  No.  113;  at  Pinehill,  on  the  Berlin  branch  of  the  Baltimore 
&  Ohio  Railroad. 

Coal  bed. — "Stoner."  Carboniferous  age  (Pennsylvanian)  age;  Conemaugh  forma- 
tion; about  290  feet  stratigraphicaUy  below  the  Pittsburgh  bed.  Average  thickness, 
about  4  feet.    Roof,  shale  grading  upward  into  sandstone. 

The  sample  was  collected  by  C.  T.  Lupton  on  April  3, 1912,  from  a  mine  car  brought 
directly  from  room  2,  right  entry  10,  about  3,700  feet  southwest  from  the  mine  mouth. 
Information  regarding  the  thickness  of  the  bed  as  described  below  was  furnished  by 
C.  W.  Ho£fa,  superintendent  of  the  mine. 
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Section  of  coal  bed  in  Contolidation  No.  US  mtrM,  (A  PtnehUl. 


Roof,  sbale,  grading  into  sandstone  above. 

Coal 

Shale  (variable) 

Coal 

Floor  (not  8tated>. 

Thickness  of  bed 


FL  in. 
3+  0 
0  3 
0       11 


Ralphton.    Ralphton  No.  3  Minb. 

Sample. — SemibitiuninouB  coal;  Somerset  field;  analyses  Noe.  W19627,  W19628, 
W19629,  W19630,  and  W19631  (p.  96). 

Mine. — Ralphton  No.  3,  a  drift  mine  one-half  mile  east  of  Ralphton  on  the  Boswell 
branch  of  the  Oambria  and  Somereet  division  of  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — G^  or  Upper  Kittanning.  GarboniferouB  age,  Alle^eny  formation.  The 
coal  has  an  average  thickness  of  3  feet  5  inches.  The  roof  is  a  strong  gray  shale  between 
which  and  the  main  coal  bed  is  a  seam  of  roof  coal  3  to  4  inches  thick.  The  floor  is 
a  smooth,  hard  limestone. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  J3.  Pope  on  April 
29, 1911,  as  described  below: 

Sections  of  coal  bed  in  Ralphton  No.  3  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Shale,  bone,  and  coal 

Coal 

Shale 

(3oal 

Bone 

Coal 

Floor,  limestone. 

lliickness  of  bed 

Thickness  of  coal  sampled . 


A 

Wig627 
Ft.     in. 


3      3 

3    111 
3      3 


B 

Wig628 
FLin. 

<>0  3 
0  1 
0     i 

0     i 
2    7 


3 
3 


11 


C 
Wi0629 
Ft.  in. 
•  0    4 


0 
0 
2 


3 


!3 


D 

W19630 

Ft.  in, 

ao    3 


3    6i 


n 


E 
WlQQSl 
FL  Ik. 

•  1    4 


0 
0 
2 


3 


tn 


•  Not  included  in  sample. 

Section  A  (sample  W19627)  was  measured  at  the  third  crosscut  off  south  entry  2, 
about  3,050  feet  from  the  mine  mouth. 

Section  B  (sample  W19628)  was  measured  at  the  face  of  room  11  off  the  straight  main 
entry,  about  3,150  feet  from  the  mine  mouth. 

Section  C  (sample  W19629)  was  measured  at  the  face  of  room  4  off  right  entry  6,  about 
2,800  feet  from  the  mine  mouth. 

Section  D  (sample  W19630)  was  measured  at  the  &ce  of  room  29  off  right  heading  4» 
about  2,900  feet  from  the  mine  mouth. 

Section  £  (sample  W19631)  was  measured  20  feet  inside  the  third  crosscut  off  south 
entry  3,  about  3,700  feet  from  the  mine  mouth. 

Notes. — ^At  the  time  of  sampling  the  coal  was  imdercut  by  hand  and  shot  down  with 
FFF  and  FFFF  black  powder.  The  tipple  had  one  loading  track  with  a  capacity  of 
22  cars.  There  were  no  screens,  the  entire  output  being  loaded  as  run-of-mine. 
Pickers  were  employed  on  the  cars  in  loading.  The  mine  had  a  capacity  of  1,000  tons 
and  an  average  daily  output  of  850  tons,  most  of  which  was  from  advance  workinga. 

Ralphton.    Ralphton  No.  4  Mini. 

Sample. — Semibituminouscoal;  Somerset  field;  analyses  Nos.  12202, 12218,  W19632, 
W19633,  W19635,  W19636,  and  W19637  (p.  97). 

Mn«.— Ralphton  No.  4,  a  drift  mlne^  1^  miles  north  of  Ralphton,  on  the  Baltimore  A 
Ohio  Railroad. 
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Coal  bed, — C^  or  Upper  Kittanning.  Carboniferoua  age,  Allegheny  formation.  The 
coal  has  an  average  thickness  of  3  feet  10  inches  and  is  relatively  free  from  partings. 
Roof,  firm,  smooth  shale;  floor,  smooth,  hard  limestone. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  8.  Pope  on  April 
28,  1911,  as  described  below: 

Sections  of  coal  bed  in  Ralphton  No.  4  Tnine. 


Section 

Laboratory  No 

Roof,  smooth  shale. 

Coal 

Hard  gray  coal  inclined  to  bone 

Coal 

Flow,  hard  smooth  limestone. 

Tnickness  of  bed 

Thlckiiess  of  ooal  sampled 


A 

W19632 

Ft,  in, 

1   3 

A    a 

B 
Wig6R3 
Ft,  in. 
3  lOf 

C 

wiwa.") 

Ft.  in, 
3  7i 

W10636 
Ft.  in. 

3  7 

0  1 

2   7i 

•  •    •  • 

•  •  •  • 

■  •   •  ■ 

3  ]U 
3  ll( 

3  101 
3  10} 

3  7k 
3  7} 

3   7 
3   7 

E 
W19637 
FU  in. 
3    11 


8   U 
3    11 


Section  A  (sample  W19632)  was  measured  on  a  piUar  between  the  south  main  head- 
ing and  the  air  course  opposite  right  entry  1. 

Section  B  (sample  W19633)  was  measured  at  the  face  of  the  south  main  entry. 

Section  0  (sample  W19635)  was  measured  at  the  &ce  of  room  7  off  the  south  main 
entry. 

Section  D  (isample  W19636)  was  measured  on  pillar  1  at  the  second  ''shoo-fiy ''  (cross- 
over) off  main  entry  1. 

Section  E  (sample  W19637)  was  measured  at  the  face  of  left  entry  4  off  the  south 
main  entry. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  in  the  lower  part  of  the  bed 
by  hand  and  was  shot  down  with  black  powder.  The  tipple  had  one  loading  track  with 
a  capacity  of  15  railroad  cars.  There  were  no  screens,  the  output  being  loaded  as  run- 
of-mine.    The  mine  had  a  capacity  of  450  tons  and  an  average  daily  output  of  400  tons. 
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AVELLA.      PeNOBSCOTT  MiNE. 

^ompZe.— Bituminous  coal;  Pittsburgh  field;  analyses  Nos.  15673  and  15674 (p.  97). 

Mine, — Penobscott,.  a  drift  mine,  2  miles  west  of  Avella,  on  Wabash-Pittsbuigh  Ter- 
minal Railway,  near  State  line. 

Coal  bed. — Pittsburgh.  Carboniferous  age,  Monongahela  formation.  Thickness 
averages  about  4^  feet  where  measured .  In  this  vicinity  this  coal  bed  has  been  locally 
eroded  and  replaced  by  sandstone.  The  roof  left  in  mining  is  coal,  the  top  clay  above 
the  main  bed  of  coal  being  weak. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  D.  D.  Condi t  on 
January  8,  1913,  as  described  below: 

Sections  of  bed  in  Penobscott  mine. 


Section..... 

Labontory  No 

Boof,  coal  3  to  6  Inches. 

day 

Coal 

CJtoy 

Cod 

Caay 

Cod 

Flow,  day  and  shale. 

Ililenienofbed 

Thickness  of  coal  sampled 


47664*— Bull.  85—14- 


a  Not  hidaded  hi  samples. 
-21 
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Section  A  (sample  15673)  was  measured  in  room  15,  eighth  left  entry  off  main 
entry,  2,500  feet  northwest  of  mine  mouth.    Cover  at  point  of  sampling,  80  feet. 

Section  6  (sample  15674)  was  measured  in  a  room  off  seventh  right  entry,  3,100  feet 
northeast  of  mine  mouth.    Cover,  70  feet. 

Baird.    Schoenbbrobb  Mine. 

iSampl^.— Bituminous  coal;  Pittsburgh  field;  analysis  Nos.  11164, 11165, 11166, 11167, 
11168,  11169  and  11170  (pp.  97, 98). 

Mine. — Schoenberger,  a  drift  mine  at  Baird,  a  station  on  the  Monongahela  division  of 
the  Pennsylvania  Bailroad. 

Coal  bed. — ^Pittsburgh,  Carboniferous  age,  Monongahela  formation.  Average  thick- 
ness, 5  feet  10  inches.  The  roof  is  a  ''draw  slate**  8  inches  thick,  above  which  is  a 
shale;  15  feet  above  the  shale  is  the  main  cap  rock.  The  floor  is  a  shale,  below  which 
is  a  limestone.    Dip,  about  1  per  cent  southwest. 

The  bed  was  sampled  and  measured  at  six  points  in  the  mine  by  A.  A.  Straub  on 
November  3, 1910,  as  described  below: 

Sections  of  coal  bed  in  Schoenberger  mtne. 


Section 

Laboratory  No 

Roof,  siate. 

Coal,  bright 

"Sulphiir"band 

Coal,l>rig}it 

Shale  band 

"Sulphur"  band 

Coal/brij^t 

"  Sulphur"  band. 

Coal,n&right 

Shale  band 

Coal,  bright 

"Sulphur"  band. 

Shale  band. 

Coal,  bright 

«  Sulphur  "band. 

Coal,Drigiht 

Floor .  shale  and  limestone. 

Tnicknessofbed 

ThteknesBOf  ooal  sampled , 


A 
11164 
Ft.   In. 
3      41 

0  'a§ 


oO 


1    101 

6      9k 
5     6 


oO 
0 
0 

•  • 

1 
0 
0 

5 
5 


■I 

p  m 

2 

4 


C 

11106 

Ft.    In. 

2     1 

0    11} 
-0      I 

0     21 


oO       I 


1    101 


6 
5 


t  9 


E 

11168 

Ft.  In. 


J '3 

0      7| 


F 

11160 
Ft.  In. 
3     2| 


•0 

0 


5 
5 


if 

i 


I 


•  Not  included  in  sample. 

Section  A  (sample  11164)  was  measured  at  the  iace  of  ro6m  10,  entry  32  off  face 
entry  12,  about  4,000  feet  southeast  of  the  mine  mouth. 

Section  B  (sample  11165)  was  measured  at  the  face  of  room  4,  entry  S2  off  face  entry 
11,  about  4,000  feet  southeast  of  the  mine  mouth. 

Section  G  (sample  11166)  was  measured  at  the  face  of  the  rigjit  main  entry,  about 
7,000  feet  south  of  the  mine  mouth. 

Section  D  (sample  11167)  was  measured  at  the  face  of  room  11,  entry  32  off  the  right 
main  entry,  about  6,000  feet  south  of  the  mine  mouth. 

Section  E  (sample  11168)  was  measured  at  the  face  of  face  entry  11,  about  4,800  feet 
southeast  of  the  mine  mouth. 

Section  F  (sample  11169)  was  measured  on  a  pillar,  in  right  entry  29  off  the  main 
entry,  about  5,500  feet  south  of  the  mine  mouth. 

Not€9. — ^The  coal  is  mined  by  the  double  entry,  room-and*pillar  system.  At  the 
time  of  sampling  electric  chain-cutting  machines  were  used  and  the  coal  was  broken 
down  with  FF  black  powder.  The  mine  had  a  capacity  of  about  3,000  tons  a  day,  75 
per  cent  of  which  was  from  advance  workings.  There  were  4  loading  tzacks  witii  a 
capacity  of  65  cars  at  the  tipple.  Pickers  were  employed  on  the  can  when  coal  was 
being  loaded.  About  10  per  cent  of  the  coal  was  shipped  as  nm-of-mine  and 
remainder  was  screened  to  various  commercial  sizes.  There  was  about  250  aaea 
of  unmined  coal  tributary  to  this  drift  mouth. 
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FmiiBTVILUS.     OiNCIKNATI  MiNE. 

Sample.— BituminoTm  coal;  Pittsburgh  field;  analyses  Nos.  17082,  17083, 17084,  and 
17085  (p.  98). 

Mine. — ^The  Cincinnati  mine  is  opened  by  a  drift  about  two  miles  northeast  from 
Courtney  and  a  manway  at  Mingo  2  miles  southeast  of  Finleyville. 

Coal  bed. — Pittsburgh,  Carboniferous  age,  Monongahela  formation.  Thickness, 
4  feet  8  inches  to  6  feet  8  inches,  fairly  uniform.  In  the  center  of  the  bed  are  two 
characteristic  clay  partings  about  three  inches  spait.  The  roof  is  a  ''  draw  slate, ' '  over 
which  there  is  a  roof  coal  and  shale.  The  floor  is  an  underclay,  beneath  which  is  a 
limestone  bedrock. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  H.  I.  Smith, 
H.  D.  Mason,  jr.,  and  W.  A.  Baudenbush  on  May  7, 1913,  as  described  below: 

Sections  of  coal  bed  in  Cincinnati  mine. 


Bectioii 

Laboratory  No 

Roof,  "draw  8late." 

Goal 

Bonyooal 

Coal 

Motber  ooal  and  ''sulphur" 

Coal 

Bhale  binder 

CobX 

Shale  binder. !  I .'.'.'.'!!!  I  .*!! .' 

"Sulphur"  ball  on  one  side 

Coal 

Mother  ooal 

Coal 

Bottom  ooal 

Floor,  underclay. 

Thickness  of  bed 

Thickness  of  ooal  sampled. 


A 

B 

17082 

17083 

FL   in. 

FL    in. 

1    i 

0 

h  1 

1    9 

0    10 

0 

^       i 

0    3 

1 

Streak. 

«0 

§1 

aO      3 
aO        i 

•  •        •  • 

0    7i 

*6      2 

0     1 

0        \ 

i    2 

1      9 

..     .. 

OO      4 

Sit 

5    4 

c 

17064 
Ft.   in. 

0  I 

1  7 


0 
0 
0 
0 
0 
0 
1 
0 

6 
6 


i 


I 


9 


a  Not  induded  in  sample. 

Section  A  (sample  17082)  was  measured  60  feet  outby  the  last  cut-through  on  butt 
entry  6  off  fac»  entry  14,  about  6,200  feet  northwest  of  the  mouth  of  Mingo  slope  entry. 

Section  B  (sample  17083)  was  measured  60  feet  inby  room  2  on  butt  entry  10  off 
face  entry  14,  about  6,800  feet  northwest  of  the  mouth  of  Mingo  slope  entry. 

Section  0  (sample  17084)  was  measured  inby  the  first  crosscut  on  butt  entry  12 
off  face  entry  14,  about  7,400  feet  northwest  of  the  mouth  of  Mingo  slope  entry. 

A  composite  sample  was  made  by  mixing  face  samples  17082,  17083,  and  17084. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  17085. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling 
it  was  undercut  with  electric  cutting  machines  in  the  bottom  of  the  bed  and  was  broken 
down  with  permissible  explosives.  The  cuttings  were  loaded  out  with  the  coal. 
The  "draw  slate  "  is  treacherous  and  must  be  broken  down  and  loaded  out  after  each 
cut  of  coal.  The  entire  output  of  the  mine  went  to  a  tipple  on  the  Monongahela 
Blver.  Although  this  mine  is  one  of  the  first  on  the  Monongahela  River  it  still  con- 
tained considerable  coal. 


MONONOAHELA  CrTY.      CaTSBURO  MiNE. 

Sample. — Bituminous  coal;  Pittsburgh  field;  analyses  Nos.  11157,  11158,  11159, 
11160, 11161, 11162, 11163, 11172,  11541,  and  12281  (pp.  98, 99.) 

Mine. — Catsburg,  a  drift  mine  one-fourth  of  a  mile  south  of  Monongahela  City 
with  railroad  connections  to  the  Monongahela  Biver  division  of  the  Pennsylvania 
lines. 

Coal  bed. — ^Httsburgh.    Average  thickness,  5  feet  6  inches.    Dip,  1  per  cent  south- 
east.   The  loof  is  a  ''draw  slate,''  about  8  inches  thick,  above  which  is  a  fair  quality 
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of  roof  coal  6  to  12  inches  thick.  Floors  soft  fire  clay.  The  bed  was  measured  and 
sampled  at  six  points  in  the  mine  by  J.  J.  Rutledge  and  A.  A.  Stiaub  on  November  1, 
1910,  as  described  below: 

Sections  of  coal  bed  in  CaUhurg  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Coal,  bright  and  hard 

"Sulphur"  band 

CoaL 

Shale,  dark 

Coal,  bright 

Shale,  dark 

Coal,  bright 

"SuMur"band 

Coal»Dright 

Floor,  fire  clay. 

Tliickness  of  bed 

Thickness  of  coal  sampled 


A 

11157 
FL    in, 
2    3 


0 

0 
aO 

0 
oO 

2 


8 

I 


5    6 
5    5 


B 

11158 
FL    to. 

2  Hi 


4 
4 


H 


c 

11159 

FL   in. 

2     9f 


aO 
0 

aO 
1 
0 
0 

5 

5 


1 

u 


D 

iiieo 

FL   to. 
3    1 


0    U 
2    2 


5    M 
5    si 


E 

U16I 

Fl    to. 

2    8i 


6    6 


F 

11162 
Fl    to, 
3    2 


a  Not  induded  in  sample. 

Section  A  (sample  11157)  was  measured  at  the  face  of  sizty-sixth  butt  enliy,  2) 
miles  northeast  of  the  mine  mouth. 

Section  B  (sample  11158)  was  measured  on  the  rib  of  room  17,  seventy-fifth  entry, 
2{  miles  northeast  of  the  mine  mouth. 

Section  C  (sample  11159)  was  measured  at  the  face  of  room  23,  seventy-ninth  butt 
entry,  2}  miles  northeast  of  the  mine  mouth. 

Section  D  (sample  11160)  was  measured  on  the  chain  pillar  at  room  46,  seventy- 
fourth  butt  entry,  2^  miles  northwest  of  the  mine  mouth. 

Section  E  (sample  11161)  was  measured  at  the  face  of  the  north  second  main  entry, 
2)  miles  north  of  the  mine  mouth. 

Section  F  (sample  11162)  was  measured  at  the  face  of  room  101  on  sixty-eighth 
butt  entry,  2}  miles  northwest  of  the  mine  mouth. 

Three  cars  of  slack  coal  from  this  mine  were  shipped  to  the  Pittsbuigh  experiment 
station  for  testing  purposes.  The  car  samples  are  designated  as  follows:  Pittsbuigh 
No.  113,  laboratory  No.  11172;  Pittsbuigh  No.  131,  laboratory  No.  11541;  Pittsburgh 
No.  181,  laboratory  No.  12281. 

Notes. — ^The  coal  is  mined  by  the  double-entry,  room-and-pillar  system.  At  the 
time  of  sampling  electric  chain-cutting  machines  were  used.  The  coal  was  shot  down 
with  FFF  black  powder,  dynamite  being  used  for  brushing  the  roof.  The  mine  had 
a  daily  production  of  about  875  tons,  which  was  derived  both  from  advance  workings 
and  pillars.  Only  a  little  of  the  coal  was  shipped  as  run-of-mine.  There  were  3  load- 
ing tracks,  with  a  capacity  of  about  45  cars,  at  the  tipple.  Pickers  were  employed 
both  in  the  mine  and  on  the  railroad  cars  when  coal  was  loaded.  About  33  per  cent 
of  the  coal  produced  was  screenings.  There  was  about  1,400  acres  of  unmined  coal 
tributary  to  this  opening. 

WESTMOBSLiiND  COX7NTY. 

Grbbnsburo.    No.  4  Mine. 

Sample. — Bituminous  coal;  Pittsbuigh  field;  Greensbuig  district;  analysia  Nob. 
12265  and  12853  (p.  99.) 

Mine. — ^No.  4;  4  miles  north  of  Greensbuig. 

Coal  bed. — ^Pittsbuigh.  Carboniferous  age,  Monongahela  fonnation.  The  coal  from 
this  mine  was  sampled  by  E.  R.  Linkenhoker  on  June  7  and  November  13,  1911, 
respectively,  while  the  coal  was  being  unloaded  at  the  Bureau  of  Mines  testing  plant, 
Pittsbuigh,  Pa. 

Sample  12265  represented  a  carload  of  lump  coal  (Pittsbuigh  No.  178). 

Sample  12853  represented  a  carload  of  lump  coal  (Pittsburgh  No.  254). 
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LucBsco.    LucBsco  Mine. 

Sample.— BitiiuanouB  coal;  Pittsburgh  field;  analyaes  Nob.  12393,  12394,  12395, 
12396,  and  12397  (p.  99). 

Mine. — Luceeco,  a  drift  mine  in  the  Allegheny  River  district,  near  Lucesco,  a  post 
office  at  Eiskiminetas  Junction,  on  the  Oonemaugh  and  Allegheny  divifdonfl  of  the 
Pennsylvania  Railroad. 

Coal  bed. — Known  as  the  Upper  Preeport  or  E.  Carboniferous  age,  Allegheny  for- 
mation. The  thickness  is  rather  variable,  ranging  izom  2  to  4  feet.  The  roof  near  the 
opening  is  a  sandy  shale  of  variable  thickness,  averaging  1)  feet.  At  the  points  where 
the  samples  were  taken  the  roof  is  sandstone.  The  floor  is  an  underclay,  1}  to  3  feet 
thick,  underlain  by  limestone.  The  floor  is  taken  up  in  the  inner  workings  to  get  the 
necessary  height  and  the  material  is  packed  in  gob  walls  along  the  entries.  The  cover 
increases  rapidly  from  the  outcrop  and  rises  to  300  feet  at  places. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  L.  M.  Jones,  on 
June  29, 1911,  as  described  below: 

Sections  of  the  coal  bed  in  the  Lucesco  mine. 


Sectlcn 

Lalxvatarv  No 

Roof,  hard  Bandstone. 

Coal  wtth  fine  "sulphur''  streaks. 

Mother  coal 

Coal,  hard 

Mother  coal  or  shale 

Coal 

Shale  and  coal 

Coal 

Shale  and ''sulphur" 

Coal. 


A 

12393 
Ft.  in, 
0     3^ 


Floor,  fire  clay. 
Thickness  of  bed. 


Thickness  of  coal  sampled . 


1 

0 

0 
«0 

0 
aO 

0 

3 
3 


10 

1 
6 


6 

4* 


B 

C 

12394 

12305 

Ft. ««. 

Ft.  in. 

1      4 

•  •         •  ■ 

0 
1      1 

2  io 

0 

«  •            •  • 

0     9 

•   ■             mm 

oO     1 

aO      1 

0     i 

0      6 

•  •        •  • 

aO      2 

•  «         «  ■ 

0      4 

3    10 

3    11 

3     8^ 

3      8 

D 
12396 
FU  in. 


2 
aO 
0 
0 
0 
oO 
0 


1* 


3    8 
3    ft 


a  Not  included  In  sample. 

Section  A  (sample  12393)  was  cut  from  the  face  of  the  rinth  left  entry,  4,000  feet 
south  of  the  mine  mouth. 

Section  B  (sample  12394)  was  cut  from  the  ^e  of  the  fifth  left  entry,  165  feet 
beyond  room  46,  3,600  feet  from  the  mine  mouth. 

Section  G  (sample  12395)  was  cut  from  the  foce  of  room  48,  first  right  entry,  3,200 
feet  southeast  of  the  mine  mouth. 

Section  D  (sample  12396)  was  cut  from  the  &ice  of  room  20,  third  right  entry,  2,300 
feet  southeast  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  12393,  12394, 12395,  and 
12396.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory 
No.  12397. 

Notes. — At  the  time  of  sampling,  the  coal  at  this  mine  was  undercut  by  hand  and 
blasted  with  FFF  black  powder.  From  the  mine  opening  40  feet  above  the  tipple 
floor  a  gravity  incline  led  to  the  tipple,  which  extended  over  the  loading  track  and 
the  main  line  of  the  Pennsylvania  Railroad,  and  was  equipped  to  load  the  engines 
on  the  latter  track.    The  daily  output  averaged  300  tons  a  day. 

Madison.    Keystone  Mine. 

i9amp2e.— Bituminous  coal,  Pittsburgh  field.    Analyses  Nos.  16270 and  16271  (p.  99). 

Mine. — Keystone,  a  shaft  mine  at  Madison. 

Coal  bed, — Pittsbuigh.  Carboniferous  age,  Monongahela  formation.  Thickness 
about  6i  feet. 

Sample  16270  was  taken  from  a  car  of  slack  and  sample  16271  from  a  car  of  run-of- 
mine  coal,  by  E.  R.  Linkenhoker  while  the  cars  were  being  unloaded  at  the  Pitts- 
buigh testing  station. 
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SOUTH  DAKOTA. 
HABDING  COX7NTT. 

Buffalo.    Hiltok  Mine. 

Sample. — Lignite.    Northwestern  South  Dakota  field;  analysis  No.  13221  (p.  100.) 

Mine, — ^Hilton,  a  drift  mine  near  center  of  sec.  6,  T.  20  N.,  R.  5  £.,  10  miles  north 
of  Buffalo. 

Lignite  bed. — No  name.    Cretaceous  or  Tertiary  age;  Lance  formation. 

The  bed  was  measured  and  sampled  by  £.  M.  Parks  on  October  4, 1911,  as  described 
below: 

Section  of  lignite  bed  in  the  Hilton  mine. 


Laboratory  No. 


Roof,  lignite 

Clay,  gray 

Li^te 

CUy 

Li^te,  tm>wxi,  woody 

Clay  (with  water)  reported . . 

Llgiiite,  reported 

Floor,  day. 

Tniclmeas  of  bed 

ThlckneaB  of  lignite  sampled. 


13231 

Ft. 

in. 

al 

11 

aO 

6 

2 

10 

aO 

1* 

4 

4 

o2 

0 

a2 

0 

13 

9i 

7 

2 

a  Not  included  in  sample. 

Note. — ^The  mine  was  seldom  worked.  The  sample  was  collected  at  the  face  of 
the  drift  entry,  120  feet  from  the  outcrop  at  the  mine  mouth.  The  sample  was  fairly 
dry. 

Buffalo.    Open  Prr. 

Sample. — Lignite.    Northwestern  South  Dakota  field;  analysis  No.  13220  (p.  100). 
Mine. — ^Mendenhall;  18  miles  east  of  Buffalo,  in  sec.  1,  T.  17  N.,  R.  7  E. 
Lignite  bed. — Upper  Cretaceous  or  Tertiary  age;  Lance  formation. 
The  bed  was  measured  and  sampled  by  £.  M.  Parks  on  August  18, 1911,  as  described 
below: 

Section  of  lignite  bed  in  open  prospect. 


Laboratory  No. 


Dirt,  bituminooB  with  ooaly  streaks  «. 

Lignite,  tough 

Lignite,  bony 

Lignite,  tough 

Bone. 


Lignite 

Clay 

Lignite,  tough,  with  two  thin  sandy  partings. 
Clay.a 

Thickness  of  bed 

Thickness  of  lignite  sampled 


13220 

Ft,  H. 
0    51 
0    5 
0    2 
0    9 


0 
0 
0 
4 


1 

7 
1 


6    7 
6    If 


a  Not  included  in  sample. 

The  sample  was  collected  from  the  face  of  prospect  after  about  two  feet  of  lignite 
had  been  removed,  and  was  fairly  dry. 
Note. — ^This  prospect  was  seldom  worked. 

Buffalo.    Open  Prr. 

Sample. — ^Lignite.    Northwestern  South  Dakota  field;  analysis  No.  13222  (p.  100). 
ifme.— Mendenhall;  18  miles  eaat  of  Buffalo  in  sec.  1,  T.  17  N.,  R.  7  £. 
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LignUe  bed. — ^Upper  Cretaceous  or  Tertiary  age,  Lance  formation. 

The  bed  was  measured  and  sampled  by  E.  M.  Parks  on  August  17, 1911,  as  described 

below: 

Section  of  lignite  bed  in  open  prospect. 


Laboratory  No. 


Qay,  brown 

LJi^te 

day.lamlnatod 

LJ|$ute,  dirty '. 

Dirt,  bitaminoos 

Ugnlte  with  bone  interbedded . . . 
Shale  with  lignite  interbedded. . . . 

Ugnlte,  dirty 

Shale 

Lignite 

Thickness  of  bed 

Thickness  of  lignite  sampled. . 


13222 
Ft.  in. 


02 

aO 

al 

aO 

aO 

1 

aO 

0 

0 

4 

11 

6 


4 

5 
8 


t 


a  Not  included  in  sample. 

The  sample  was  collected  from  the  face  of  the  stripping  after  about  2  feet  of  lignite 
had  been  removed. 
Note. — ^This  prospect  was  seldom  worked. 

Ralph.    Newoomb  Mine. 

Sample. — Lignite;  Perkins  and  Harding  counties  field;  analysis  No.  15062  (p.  100). 

Mine. — Newcomb,  an  open-pit  mine,  in  the  SW.  J  sec.  10,  T.  20  N.,  R.  9  E.,  5  miles 
southeast  of  Ralph  and  about  28  miles  south  of  Reeder,  N.  Dak.,  on  the  Chicago, 
Milwaukee  &  St.  Paul  Railroad. 

Lignite  bed. — Designated  the  Mdow  Clark  bed.  Tertiary  (?)  age,  Ludlow  lignitic 
member  of  the  Lance  formation.  It  is  the  most  important  bed  of  lignite  in  that  part 
of  Harding  County.  Its  average  thickness  in  T.  20  N.,  R.  9  E.,  is  about  4  feet,  but  it 
varies  from  2  feet  8  inches  in  sec.  9  to  10  feet  10  inches  in  sec.  10.  It  is  usually  of 
good  quality  with  very  small  amounts  of  impurities.  It  is  tough  and  slightly  woody, 
when  freshly  mined,  but  slacks  readily  upon  exposure  to  air.  It  is  used  entirely  for 
domestic  purposes. 

The  bed  was  measured  and  sampled  October  16,  1912,  by  J.  B.  Reeside,  jr.,  as 

shown  below: 

Section  of  lignite  bed  in  the  Newcomb  mine. 


Laboratory  No 

Roof,  shale. 

Lignite,  dirty 

Parang,  shale , 

Lignite,  dirty , 

Parang,  shale , 

Lignite,  fine  quality , 

Floor,  not  stated. 

Thickness  of  bed 

Thickness  of  lignite  sampled 


15062 
Ft.  M. 
aO     6 


aO 

aO 

aO 

10 


1 
1 
1 
1 


10    10 
10      1 


a  Not  included  in  sample. 

Notes. — ^The  lignite  is  mined  by  stripping,  and  the  sample  was  collected  from  the 
face  of  the  bed,  which  was  somewhat  weathered. 

PERKINS  COUNTY. 

LODOEPOLB.      NbLSOK  MiNE. 

Sample. — Lignite;  northwestern  South  Dakota  field;  analysis  14354  (p.  100). 
Mine. — ^Nelson;  3  miles  southwest  of  Lodgepole,  and  about  18  miles  south  of  the 
Chicago,  Milwaukee  A  St.  Paul  Railway,  in  sec.  29,  T.  21 N.,  R.  12  E. 
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lAgniU  bee/.— Tertiary  age,  Fort  Union  formation.  ThicknesB  of  part  sampled, 
7  feet.    Neither  the  top  nor  the  bottom  of  the  bed  was  exposed. 

The  sample  was  collected  in  the  entry  140  feet  northwest  of  the  entry  mouth, 
by  E.  R.  Lloyd  and  E.  G.  Woodruff,  on  July  3, 1912. 

Stbool.    Jonbs  Mine. 

Sample, — ^lignite;  northwestern  South  Dakota  field;  analysis  No.  12453  (p.  100). 
Mine. — Jones;  a  drift  mine  6  miles  northwest  of  Strool,  in  sec.  35,  T.  19  N.,  B.  10  E. 
Lignite  bed.— The  lignite  bed  is  of  Tertiary(?)  age,  Lance  fonnation,  and  showed 
the  following  section: 

Section  of  lignite  bed  in  Jones  mine,  6  miles  northwest  ofStrooL 


LaboratonrNo.... 
Roof,  sandy  shale. 

Lignite 

Shale,  sandy. . 

Lignite 


Floor,  olay. 

Thiclmfiss  of  bed. 


Thickness  of  lignite  sampled . 


13453 
Ft.  in. 
•  I    2 
aQ      § 

4    3 

*    1* 
4    3 


a  Excluded  from  sample. 

Note, — ^The  lignite  is  brown  and  woody.  Section  and  sample  were  taken  at  end  of 
main  entry  by  D.  E.  Winchester,  July  22,  1911. 

Strool.    Knudbbn  Minb. 

Sample. — Lignite;  northwestern  South  Dakota  field;  analysis  No.  12454  (p.  100). 

Mine. — Enudsen;  a  drift  mine  5  miles  southwest  of  Strool,  in  sec.  2,  T.  17  N., 
R.IOE. 

Lignite  bed. — ^Th^  lignite  bed  is  of  Tertiary(?)  age.  Lance  fonnation,  and  has  the 
following  section : 

Section  of  lignite  bed  in  the  Knttdsen  mine. 


Labcfatory  No 

Roof,  shale. 

Lignite 

Shale,  lurown.... 

Lignite,  bony 

Floor,  clay. 

Thiclaiess  of  bed. 


13454 

2  7 

aO    4 
aO    7 

3  6 

Thickness  of  lignite  sampled •  2   7 

! 

a  Not  included  in  sample. 

The  lignite  is  brown  and  woody.  Section  and  sample  were  taken  at  end  of  second 
entry  by  D.  E.  Winchester  on  July  21,  1911. 

Stbool.    Phillips  Minb. 

Sample. — Lignite;  northwestern  South  Dakota  field;  analysis  No.  12488  (p.  100). 

Mine. — Phillips;  a  drift  mine  5  miles  south  of  Strool,  in  sec.  17,  T.  17  N.,  R.  11  E. 

Lignite  bed.— The  lignite  is  of  Tertiary(?)  age.  Lance  formation,  and  had  a  thicknesB 
of  2  feet  5  inches  at  the  point  of  sampling.  Both  roof  and  floor  are  shale.  The 
lignite  is  dark  brown  or  black,  has  well-developed  cleavage,  and  otherwise  closely 
resembles  the  subbituminous  coal  of  eastern  Wyoming. 

The  bed  was  measured  and  sampled  by  D.  E.  Winchester  on  July  26,  1911.  The 
sample  was  taken  150  feet  from  the  mine  mouth. 
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TENNESSEE. 

ANDBBSON  COUNTY. 

Bbicbvillb.    Cbobs  Mountain  No.  1  Mine. 

Simple, — ^Bituminoiis  coal;  Cumberland  Plateau  field;  analyaes  Nob.  13237, 13238, 
13264, 13265,  and  13290  (p.  101). 

Mine. — CroBs  Mountain  No.  1,  a  diift  mine  one-half  mile  west  of  Briceville  on  a 
blanch  of  the  Southern  Railroad. 

Coal  bed. — Known  as  the  Coal  Creek,  but  not  correlated  with  other  beds  in  eastern 
Tennessee.  The  coal  is  of  Carboniferous  (Pottsville)  age,  and  the  average  thickness 
is  3  feet  10  inches,  the  range  being  from  3  feet  to  4  feet  6  inches.  It  is  rather  hard 
coal  and  has  a  well-defined  cleat.  The  roof  is  a  hard  sandy  gray  shale,  called  *  ^  slate  " 
by  the  miners.  Over  tJie  first  3,000  feet  of  entry  this  roof  is  poor,  but  after  that  it  is 
very  strong.  The  floor  is  an  underclay  which  is  usually  rather  hard  but  softens 
and  swells  when  wet  and  when  pillars  are  being  pulled. 

The  coal  bed  was  measured  and  sampled  at  three  points  in  the  mine  during  January, 
1912,  by  J.  J.  Rutledge  and  E.  B.  Sutton,  as  described  below: 

Sections  of  coal  bed  in  Cross  Mountain  No.  1  mine. 


Section 

Labontory  No 

Roof,  gray  shale. 

Coal 

OBnnel  coal 

Coal 

Floq^  underclay. 

Thidaiees  of  bed 

Thteknws  of  ooal  sampled 


A 

B 

13237 

13238 

ft.fn. 

Ft.  in. 

0    7 

.- 

aO    I 

3    0 

3  io 

3    8 

3    10 

3    7 

3    10 

c 

13290 
Ft.in. 


4     0 


4 
4 


0 
0 


a  Not  included  in  sample. 

Section  A  (sample  13237)  was  cut  from  the  right  rib  of  left  entry  26,  outby  last 
break-through  to  the  right. 

Section  B  (sample  13238)  was  cut  from  a  chain  pillar  on  right  entry  27, 18  feet  outby 
the  twelfth  and  last  break-through. 

Section  C  (sample  13290)  was  cut  from  the  right  rib  of  right  entry  27,  about  30  feet 
from  main  entry. 

Sample  13264  was  taken  in  room  3,  off  left  entry  26. 

Sample  13265  was  taken  in  room  2,  off  left  entry  26. 

Notes. — In  1912  the  Cross  Mountain  No.  1  mine  was  opened  by  a  drift  and  worked 
by  the  room-and-pillar  method.  The  coal  was  undercut  by  electric  chain  machines 
in  the  lower  part  of  the  bed.  Very  little  explosive  was  used,  as  the  coal  frequently 
dropped  while  the  head  of  the  undercutting  machine  was  being  removed.  When 
powder  was  necessary  FFF  black  blasting  powder  was  used  exclusively,  40  per  cent 
strength  dynamite  being  used  for  brushing  the  roof.  The  coal  was  marketable  either 
as  steam  or  domestic  coal,  the  latter  quality  being  said  to  give  the  mine  a  decided 
advantage  in  the  markets.    The  screens  used  were  varied  to  suit  the  market. 

BLBDSOE  COUNTY.a 

Herbert.    Prospect. 

Sample. — Bituminous  coal,  Cumberland  Plateau  field;  analysis  No.  10915  (p.  101). 
Mine. — Prospect  on  State  land  near  Herbert  post  office,  about  4  miles  north  of 
Saratoga  Springs  and  about  14  miles  northwest  of  Pikeville. 


a  For  a  description  of  the  ooals  her*  Uitod  see  Bull.  9,  Tennessee  Qeol.  Sorvey. 
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.  Coal  bed, — ^The  coal  is  provisionally  correlated  with  the  Sewanee  coal. 
0U8  system,  Pennsylvanian  series,  Pottsville  group,  Walden  sandstone  formation. 
Roof,  shale. 

The  bed  was  measured  and  sampled  by  H.  G.  Hart,  under  the  direction  of  W.  G. 
Fhalen,  on  September  10,  1910.  The  sample  represented  a  6-foot  4-inch  cut  of  coal. 
In  another  place  the  coal  was  6  feet  4  inches  thick,  with  a  shale  roof  and  clay  floor. 
The  base  of  the  coal  was  not  reached,  but  the  thickness  reported  is  7  feet  4  inches. 

The  sample  was  taken  near  the  mouth  of  the  drift. 

The  relations  of  this  coal  bed  are  indicated  by  Fhalen  o.  These  descriptions 
include  a  consideration  of  the  geologic  position  of  the  coal,  together  with  notes  on 
its  physical  and  chemical  character. 

Hbrbebt.    Prospect. 

Sample. — Bituminous  coal,  Cumberland  Plateau  field;  analysis  No.  10916  (p.  101). 

Mine. — ^Prospect  on  State  land  near  Herbert  post  office,  about  4  miles  directly  north 
of  Saratoga  Springs  and  14  miles  northwest  of  Pikeville,  the  county  seat  of  Bledsoe 
County. 

Coal  bed. — ^The  coal  is  provisionally  correlated  with  the  Sewaneecoal,  Carboniferous 
system,  Pennsylvanian  series,  Pottsville  group,  Walden  sandstone  formation.  Roof, 
shale;  floor,  clay. 

The  bed  was  measured  and  sampled  on  September  16,  1910,  by  H.  G.  Hart,  under 
the  direction  of  W.  C.  Phalen.  The  sample  represented  a  3-foot  cut  of  coal.  It  was 
collected  at  the  face  of  a  new  opening  which  had  been  driven  about  10  feet. 

Notes. — ^The  prospect  was  not  being  worked  at  the  time  of  collection. 

LrrroN.    A.  L.  Halb  Mine. 

Sample. — Bituminous  coal;  Cumberland  Plateau  field;  analysis  No.  12584  (p.  101). 

Mine. — ^A.  L.  Hale,  a  local  mine  2  miles  northwest  of  Litton,  15  miles  nordieast  of 
Nashville,  Chattanooga  &  St.  Louis  Railroad  at  Pikeville. 

Coal  bed. — Angel,  Carboniferous  age,  Pottsville  formation.  Dip  20^  southwest. 
Roof,  sandstone;  floor,  clay. 

The  bed  was  measured  and  sampled  by  W.  A.  Nelson  on  August  31,  1911.  The 
sample  represented  an  8-foot  cut  of  coal. 

LrrroN.    Pbospxct. 

Sample. — Bituminous  coal;  Cumberland  Plateau  field;  analysis  No.  10803  (p.  101). 

Mine. — ^Prospect  at  the  head  of  Sequatchie  Valley,  4  miles  north  of  Litton  and  12 
miles  northeast  of  Pikeville,  the  tenninus  of  the  Sequatchie  Valley  bnmch  of  the 
Nashville,  Chattanooga  &  St.  Louis  Railroad. 

Coal  bed. — ^The  position  of  the  coal  is  36  feet  below  the  base  of  the  Sewanee  sand- 
stone. Carboniferous  system,  Pennsylvanian  series,  Pottsville  group.  Lookout  sand- 
stone formation. 

The  bed  was  measured  and  sampled  August  20,  1910,  under  the  direction  of  W.  C. 
Phalen.    Eight  feet  of  coal  was  measured. 

The  sample  was  collected  60  feet  from*the  drift  mouth  in  the  main  and  only  entry. 

Pikeville.    J.  W.  McFabland  Pbobpbct. 

Sample. — Bituminous  coal;  Cumberland  Plateau  field;  analysis  No.  10731  (p.  101). 
Mine.^J.  W.  McFarland  prospect,  4  miles  west  of  Pikeville,  on  the  Cumberland 
Plateau. 

a  PbBlen,  W.  C,  PreUminary  Report  of  the  Goal  Reeooroes  of  the  Pikeville  Special  Qoadnagle  of 
em  Tenneasee:  Tenn.  OedL  Survey  Ball.  0, 1911,  pp.  66-67. 
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Coal  bed, — ^Morgan  Springs.  Carboniferous  system,  PennBylvaaian  series,  Pottsville 
group,  Walden  sandstone  formation.    Roof,  soft  blue  clay,  18  inches  thick. 

The  bed  was  measured  and  sampled  August  3,  1910,  under  the  direction  of  W.  C. 
Phalen,  in  a  country  bank  approximately  50  feet  from  the  drift  mouth.  The  sample 
represented  a  21}-inch  cut  of  coal. 

Note, — ^ThiB  is  the  highest  important  coal  in  the  Cumberland  Plateau  in  this  region. 

PncEViLLB.    Vaughn  Bbob.  Pbobpbct. 

Sample. — ^Bituminous  coal;  Cumberland  Plateau  field;  analysis  No.  11049  (p.  101). 

Mine, — Outcrop,  about  10  miles  west  of  Pikeville,  on  Cane  Creek,  above  the  junc- 
tion of  Cane  and  Meadow  Creeks. 

Coal  bed. — ^The  coal  bed  is  provisionally  correlated  with  the  Sewanee  coal.  Car- 
boniferous system,  Pennsylvanian  series,  Pottsville  group,  Walden  sandstone  forma- 
tion.   Roof,  shale;  floor,  clay. 

The  bed  was  measured  and  sampled  by  W.  C.  Phalen  on  October  30,  1910.  The 
sample  represented  a  3-foot  9-inch  cut  of  coal. 

PiKEvnjiB.    Vaughn  Bros.  Prospect. 

Sample.— BitammoTiB  coal;  Cumberland  Plateau  field;  analysis  No.  11050  (p.  101). 

Mine. — From  an  outcrop  on  Cane  Creek,  above  the  junction  of  Meadow  and  Cane 
Creeks.  The  outcrop  is  located  about  10  miles  west  of  Pikeville,  the  county  seat  of 
Bledsoe  County. 

Coal  bed. — The  coal  bed  is  provisionally  correlated  with  the  Sewanee  coal.  Car- 
boniferous system,  Pennsylvanian  series,  Pottsville  group,  Walden  sandstone  forma- 
tion. 

The  bed  was  measured  and  sampled  by  W.  0.  Phalen  on  October  10,  1910.  The 
sample  represented  a  3-foot  2-inch  cut  of  coal. 

CTTICBEBLAND  COUJSlTY.a 

Litton.    J.  H.  Hale  &  Son  Prospect. 

Sample. — Bituminous  coal;  Cumberland  Plateau  field ;  analysis  No.  10800  (p.  101). 

Mine. — J.  H.  Hale  &  Son  prospect.  Head  of  Sequatchie  Valley,  4  miles  from 
Litton  post  office  and  12  miles  northeast  of  Pikeville,  the  terminus  of  the  Nashville, 
Chattanooga  &  St.  Louis  Railroad. 

Coal  bed. — Sewanee  (?)  coal.  Occurring  in  the  shale  and  sandstone  interval  above 
the  Sewanee  sandstone.  Carboniferous  age,  Pennsylvanian  series,  Pottsville  group, 
Walden  sandstone  formation.    Roof,  shale. 

The  bed  was  measured  and  sampled  by  H.  G.  Hart,  under  the  direction  of  W.  G. 
Phalen,  on  August  20,  1910. 

The  sample  was  collected  30  feet  from  the  mouth  of  the  prospect  and  represented  a 
5-foot  6-inch  cut  of  coal,  which  was  underlain  by  1  foot  of  bone. 

LnroN.    J.  H.  Hale  &  Son  Prospect. 

Sample. — Bituminous  coal;  Cumberland  Plateau  field;  analysis  No.  10802  (p.  101). 

Mine. — J.  H.  Hale  &  Son  prospect,  head  of  Sequatchie  Valley,  4  miles  north  of 
litton  and  12  miles  northeast  of  Pikeville,  the  terminus  of  the  Sequatchie  Valley 
branch  of  the  Nashville,  Chattanooga  &  St.  Louis  Railroad. 

Coal  bed. — Morgan  Springs.  The  highest  important  coal  in  this  part  of  the  Cumber- 
land Plateau.  Carboniferous  age,  Pennsylvanian  series,  Pottsville  group,  Walden 
sandstone  formation.    Roof,  shale;  floor,  clay,  underlain  with  sandstone. 

The  bed  was  measured  and  sampled  August  20,  1910,  under  the  direction  of  W.  C. 
Phalen.    The  sample  represented  a  3-foot  6-inch  cut  of  coal. 

a  For  taller  desoriptloDs  of  tbe  ooals  here  listed,  see  Bull.  0,  Tennessee  Oeol.  Survey,  1011. 
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Dayton.    North  Polb  Mine. 

Sample. — Bituminous  coal;  Cumberland  Plateau  field;  analyses  Noe.  10689,  10G90, 
10691,  10692,  and  10693  (p.  102). 

Mine. — North  Pole,  at  Dajrton. 

Coal  bed. — Richland.  Carboniferous  system,  Pennsylvanian  series,  PottsvlUe 
group,  Walden  sandstone  formation.  The  bed  lies  above  the  Sewanee  sandstone 
(the  lower  conglomerate  member).  In  some  places  the  coal  bed  rests  directly  on  it, 
though  in  other  places  a  few  feet  of  shale  or  clay  intervene.  Locally  a  few  feet  of 
bony  coal  or  ''rash"  occur  between  the  main  coal  and  the  conglomerate.  Roof, 
shale;  floor,  bone  or  clay. 

The  bed  was  measured  and  sampled  at  five  points  by  W.  C.  Phalen  on  July  30, 1910. 

Sample  10689  was  taken  3,000  feet  from  the  mine  mouth  and  represented  a  25^-inch 
cut  of  coal.    The  lower  7  or  8  inches  of  coal  are  very  soft;  the  rest  is  hard. 

Sample  10690  was  collected  at  the  face  of  a  room  in  left  heading  5,  about  2,600  feet 
from  mine  mouth,  and  represented  a  23-inch  cut  of  coal.    Roof,  shale;  floor,  clay. 

Sample  10691  represents  the  bony  coal  or  ''rash  "  underneath  the  good  coal  in  the 
room  where  sample  10640  was  taken. 

Sample  10692  was  collected  a^iie  face  of  left  heading  8,  about  3,000  feet  from  the 
mouth  of  the  mine  and  represeiRed  a  22-inch  cut  of  coal,  with  bony  or  clay  streaks. 
Roof,  massive  shale;  floor,  clay. 

Sample  10693  was  collected  from  the  face  of  right  heading  7,  between  2,700  and 
2,800  feet  from  the  mine  mouth,  and  repreaented  a  24-inch  cut  of  coal.  Roof,  shale; 
floor,  clay. 

Notes. — ^The  so-called  rash  is  a  bony  coal,  and  the  sample  was  collected  to  prove 
this  point  and  also  to  determine  whether  a  use  might  be  discovered  for  it.  It  is  dis- 
carded in  mining.  It  occurs  locally  between  the  coal  and  the  top  of  the  underlying 
conglomerate. 

The  coal  is  coked  and  the  coke  is  iised  by  the  Dayton  Coal  &  Iron  Co.  in  the  com- 
pany's furnace  at  Dayton,  on  the  Cincinnati,  New  Orleans  &  Texas  Pacific  Railroad. 

Datton.    New  Prospbct  Mine. 

Sample, — Bituminous  coal;  Cumberland  Plateau  field;  analyses  Noe.  10696,  10697, 
10698,  and  10699  (p.  102). 

Mine. — New  Prospect,  at  Dayton. 

Coal  bed. — Nelson.  Carboniferous  system,  Pennsylvanian  aeries,  Pottaville  group. 
Lookout  sandstone  formation. 

The  bed  was  measured  and  sampled  by  W.  C.  Phalan  on  July  29,  1910. 

Sample  10696  was  taken  at  the  face  of  a  room  in  left  heading  3,  about  1,200  feet 
from  the  mine  mouth.  The  bed  measured  3  feet  10}  inches.  There  was  a  2^  layer 
of  bone  8  inches  from  the  top  of  the  bed.  The  sample  represents  the  lower  3  feet. 
Roof,  sandstone;  floor,  bone,  sometimes  compact,  underlain  with  clay  and  sandstone. 

Sample  10697  was  taken  at  the  face  of  a  room  oft  left  heading  2  and  represented 
2  feet  3  inches  of  coal.  The  lower  3  inches  was  laminated  and  soft  coal.  Roof,  hard, 
sandy  clay;  floor,  bone. 

Sample  10698  was  taken  at  the  end  of  the  right  heading  2  and  represented  a  3-fooC 
2-inch  cut  of  coal.  Roof,  dense,  compact  clay  with  stringers  of  coal  varying  in 
thickness  from  a  knife's  edge  to  4  inches;  floor,  clay. 

Sample  10699  was  taken  in  the  main  heading,  1,500  to  1,600  feet  from  the  mine  mouth, 
and  represented  a  2-foot  5-inch  to  2-foot  7-inch  cut  of  coal,  overlain  by  shale,  coal, 
and  clay.    Floor,  clay. 

a  For  a  fuller  account  of  the  coals  here  listed  see  Bull.  0,  Tennessee  Qeol.  Survey,  1011. 
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NotM, — ^This  is  the  principal  coal  bed  of  the  Lookout  formation,  and  one  of  the  most 
important  in  the  southeastern  part  of  the  Pikeville  Special  quadrangle.  The  coal  is 
coked  and  the  coke  is  used  by  the  Dayton  Goal  d  Iron  Co.  in  its  furnace  at  Dayton. 

The  daily  output  of  the  mine  at  the  time  of  sampling  was  160  tons. 

UTAH. 

CABBON  COTTNTY. 

Hiawatha.    Hiawatha  No.  1  and  No.  2  Mines. 

iSamp^^.— Bituminous  coal;  Book  Cliffs  field;  analyses  Nos.  10904,  10905,  10907, 
and  10908  (p.  103). 

Mine. — Hiawatha  No.  1  and  No.  2;  drift  mines  at  Hiawatha;  railroad  connections 
via  Utah  Southern  Railway  to  Rio  Grande  &  Western  Railway  at  Price,  23  miles 
distant. 

Coal  bed, — Hiawatha.  Cretaceous  age,  Mesaverde  formation.  Thickness,  15  feet. 
Dip,  1^  southeast  in  No.  1  mine  and  1^  southwest  in  No.  2  mine.  Roof,  ''draw  slate '' 
18  inches  thick,  with  sandstone  cap  above;  floor,  smooth,  hard  sandstone.  The  cover 
at  points  where  samples  were  taken  is  150  to  300  feet. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  H.  M.  Wolflin,  on 
September  9, 1910,  as  described  below: 

Sections  of  coal  bed  in  Hiawatha  No.  1  and  No.  2  mines. 


Section 

Laboratory  No 

Boof,  shale. 

Top  coal 

Coal,  bony 

Coal,  clean 

Coal,  bony 

Coal,  clean 

Coal,  bony 

Coal,  clean 

Coal,  bony 

Coal,  clean 

Floor,  Aandstone. 

Tliickness  of  bed 

Thickness  of  ooal  sampled 


A 

B 

C 

10904 

10905 

10907 

Ft.    in. 

Ft.    Hi. 

Ft.    in. 

*  *      mm 

mm            •  ■ 

a2   6 

•  «      «  w 

*  w     •  • 

aO  5i 

3  11 

5   2 

4   3 

0   1 

0   1 

0   i 

•  •    •  • 

7   2 

'6  2 

mm             •  • 

*«  6' 

11   2 

11   5 

13   3 

11   2 

11   5 

10   3i 

D 

10906 

Ft.     in. 

Vo    n 

4     3 

aO     4 

1      1 

H 

:.  10 

11      7 
10     7i 


a  Not  included  in  sample. 

Section  A  (sample  10904)  was  measured  at  the  face  of  room  7  ofif  left  entry  1,  atadepth 
of  300  feet  below  the  surface  at  No.  1  mine. 

Section  B  (sample  10905)  was  measured  at  the  face  of  left  aircouree  2  at  No.  1  mine. 

Section  G  (sample  10907)  was  measured  at  the  face  of  room  2  off  dip  entry  2  at  No.  2 
mine. 

Section  D  (sample  10908)  was  measured  at  the  face  of  room  1  off  rise  entry  2  at  a 
depth  of  150  feet  below  the  surface  at  No.  2  mine. 

Notes. — ^At  the  time  of  sampling  the  screening  plant  was  equipped  for  producing 
it  I*  li»  Ai^d  3-lnch  coal.  No  hand  picking.  There  were  4  loading  tracks  with  a 
capacity  for  60  cars. 

The  mine  was  worked  by  the  room-and-pillar  system;  in  the  rooms  the  coal  was 
undercut  and  shot  down  with  permissible  explosives;  some  black  powder  was  also 
used;  in  the  entries  the  coal  was  shot  from  the  solid;  daily  output  1,000  tons;  coal 
acreage  3,260.  A  gravity  incline  connected  the  mines  with  the  tipple  2  miles  down 
the  canyon.    Mines  began  shipping  coal  in  February,  1910. 
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Price.    Jesse  Kniqht  Prospect. 

Sample. — ^Bitominouscoal;  Book  Cliffs  field;  analysis  No.  14678  (p.  103). 

Mine, — Jesse  Knight,  a  prospect  in  Bight  Fork  of  Deadman  Canyon  in  S£.  ^  sec.  7, 
T.  13  S.,  B.  11  E.,  9  miles  northeast  of  Price,  Utah,  which  is  on  the  Denver  A  Bio 
Grande  Bailroad. 

Coal  bed, — No  name.  Cretaceous  age,  Mesaverde  formation.  This  is  the  same 
bed  from  which  sample  No.  14801  was  taken,  and  in  this  vicinity  dips  about  5*^ 
N.-NE. 

The  bed  was  measured  and  sampled  on  August  28, 1912,  by  F.  B.  Clark,  as  described 

below: 

Section  of  coal  bed  in  Jesse  Knight  prospect. 


Laboratory  No. 


Coal 

Shale,  sandy. 
Coal 


Thickness  of  bed 

Thickness  of  coal  sampled . 


14678 
Ft.  ia. 
i      2 

itO       3 
5      3 


6      8 
6      5 


a  Not  included  in  sample. 

Notes. — The  prospect  was  worked  only  during  the  winter  season  for  local  use.  The 
coal  is  jet  black,  massive,  with  joint  planes  parallel  to  the  strike  of  the  beds.  The  sam- 
ple was  collected  at  a  point  90  feet  N.  70®  W.  from  opening.  The  coal  was  slightly 
weathered. 

SuNNYsiDE.    No.  1  Mine. 

Sample. — ^Bituminous  coking  coal;  Book  Cliffs  field;  analysis  No.  12632  (p.  103). 

Mine.— No.  1;  in  NE.  J  SE.  }  sec.  32,  T.  14  S.,  B.  14  E.,  at  Sunnyidde,  which  is 
reached  by  a  branch  of  the  Denver  &  Bio  Grande  Bailroad. 

Coal  bed. — Lower.  Cretaceous  age,  Mesaverde  formation.  Seven  to  9  feet  thick 
in  this  locality.  Boof,  ''soapstone, "  said  to  be  very  weak  and  part  of  the  coal  is  left 
for  roof. 

The  bed  was  measured  and  sampled  by  F.  B.  Clark,  September  14, 1911,  at  the  face 
of  the  Fowler  slope  as  described  below: 

Section  of  coal  bed  in  No.  1  mine. 


Laboratory  No , 

Coal 

Shale,  soapstone 

Coal....... 

Thickness  of  bed 

Thickness  of  coal  sampled  (at  base  of  bed) . 


12632 

Ft,  Im. 

1     6 

1     6 

7     0 


10     0 
6     5 


Notes. — Both  beds  (upper  and  lower  veins)  were  being  worked  from  this  mine.    The 

daily  output  at  the  time  of  sampling  was  about  1,600  tons.    The  coal  was  screened 

and  loaded  or  sent  to  crushers  to  be  crushed  for  the  coke  ovens  with  the  coal  from 

No.  3  mine. 

SuNNTSiDE.    No.  3  Mine. 

Sample. — Bituminous  coking  coal;  Book  Cliffs  field;  analyses  Nos.  12546,  12630, 
and  12631  (p.  103). 

Mine.—No.  3;  in  SW.  J  SW.  J  sec.  4,  T.  15  S.,  R.  14  E.,  1  mile  southeast  of  Sunny- 
side,  on  branch  of  Denver  &  Bio  Grande  Railroad;  connected  with  the  railroad  by 
the  main  haulage  way  through  No.  2  mine. 
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Coal  bed. — Cretaceous  age,  Mesaverde  formation.  Two  beds  are  worked,  the  upper 
and  lower,  which,  in  the  vicinity  of  the  points  sampled,  are  separated  by  only  6  feet 
of  highly  sandy  shale  forming  a  good  roof  in  the  one  case  and  a  good  floor  in  the  other. 
The  lower  bed  is  separated  from  a  massive  sandstone  beneath  by  only  a  few  inches 
of  brown  shale.  The  upper  bed  has  a  sandy  shale  roof  containing  in  places  a  few 
fossil  shells. 

Three  samples  were  collected  from  this  mine  (two  from  the  upper  and  one  from  the 
lower  bed)  by  F.  R.  Clark  in  1911. 

Sample  12546  was  cut  from  the  side  of  the  outlet  airway  in  NW.  }  SW.  J  sec.  9, 
T.  15  S.,  K.  14  £.  The  sample  includes  coal  from  the  whole  upper  bed  (6  feet  2  inches 
thick).  The  point  from  which  sample  was  taken  is  50  feet  north-northwest  from  the 
surface  opening  and  the  coal  was  weathered  more  or  lees. 

Sample  12630,  also  ^m  the  upper  bed,  was  cut  from  the  face  pf  the  second 
crosscut  off  right  entry  1  off  No.  1  rise,  which  is  about  1}  miles  southeast  from  the 
mouth  of  the  mine,  and  was  fresh  and  un weathered.  The  coal  is  clean,  black,  and 
massive,  free  from  partings,  and  was  4  feet  8  inches  thick  at  the  point  sampled. 

Sample  12631  from  the  lower  bed  was  taken  from  "the  dips,''  or  entries  down  the 
dip  from  the  main  haulage  way,  in  the  mine.  The  bed  was  about  8  feet  thick  at 
this  point  (1}  miles  southeast  from  mouth  of  the  mine),  but  only  6  feet  10  inches  of 
the  upper  part  of  the  bed  was  included  in  the  sample. 

Notes, — At  the  time  of  sampling  the  coal  was  undercut  with  hand  picks  and 
broken  down  with  powder,  and  the  output  was  about  900  tons  daily.  The  greater  part 
of  the  output  was  coked.  No  attempt  was  made  to  keep  the  coal  from  the  two  beds 
separate  as  they  were  so  nearly  alike  in  their  tendencies  to  coke,  as  well  as  other 
physical  and  chemical  characteristics.  The  coal  from  each  bed  was  screened  and 
loaded  into  cars  or  sent  to  the  crusher  to  be  crushed  for  the  coke  ovens. 

SuNNYSiDE.    Prospect. 

Sample, — ^Bitimiinous  coking  coal;  Books  Cliffs  field;  analysis  No.  12545  (p.  103). 

iltiw.— Prospect  in  NE.  J  SW.  J  sec.  5,  T.  15  S.,  R.  14  E.,  three-fourths  of  a  mile 
south  of  Sunnyside,  Sunnyside  district,  on  Simnyside  branch  of  the  Denver  &  Rio 
Grande  Railroad. 

Coal  bed. — Lower.  Cretaceous  age,  Mesaverde  formation.  Dip,  7®  N.,  80°  E. 
The  bed  was  measured  and  sampled  on  July  30, 1911,  by  F.  R.  Clark,  as  shown  below: 

Section  of  coal  bed  in  prospect  three-fourths  of  a  mUe  south  of  Sunnyside. 


Laboratory  No 

CJoal 

Sbale,  aandy 

CJoal : 

Coal 

Thickness  of  bed 

TMclmeeB  of  ooal  sampled . 


12545 

FL 

in. 

a2 

8 

a2 

2 

aZ 

0 

6 

0 

13 

10 

6 

0 

a  Not  included  In  sample. 

The  coal  was  more  or  less  weathered. 

The  sample  was  taken  at  a  point  85  feet  N.  40°  E.  from  mouth  of  slope. 

Sunnyside.    Prospect. 

Sample. — Bituminous  coal;  Book  Cliffs  field;  analysis  No.  12792  (p.  103).  . 

Mine. — Prospect  in  the  right  fork  of  Rock  Canyon  in  NE.  J  SE.  }  sec.  32,  T.  13 
S.,  R.  13  E.,  or  8i  miles  northwest  of  Sunnyside. 

Coal  bed. — ^No  name.  Cretaceous  age;  Mesaverde  formation.  This  coal  appears 
fint  only  about  3  miles  southeast  of  the  prospect.  It  is  a  lower  coal  than  either  of 
those  mined  at  Sunnyside.  . 
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The  bed  was  measured  and  sampled  on  October  25, 1911,  by  F.  B.  Clark.  Hie  coal 
was  at  this  point  5  feet  7  inches  thick,  and  a  cut  across  the  bed  was  included  in  the 
sample. 

Notes, — The  coal  is  black,  massive,  bright,  and  comparatively  hard.  The  ample 
was  somewhat  weathered,  as  the  cut  was  made  only  200  feet  N.  72^  W.  &om  the  mine 
opening,  and  the  face  had  been  exposed  to  the  atmosphere  for  a  long  time. 

SUI^NTSIDE.      PrOSPBCT. 

/Sample.— Bituminous  coal;  Book  Cliffs  field;  analysis  No.  14801  (p.  103). 

Jftn«.— Prospect  in  the  SE.  }  NW.  }  sec.  23,  T.  13  S.,  R.  12  E.,  14  miles  northeast  of 
Wellington,  Utah,  and  12  miles  northwest  of  Simnyside,  Utah. 

Coal  bed. — Not  named.  Cretaceous  age,  Mesaverde  formation.  Dip  about  5^ 
N.-NW. 

The  bed  was  measured  and  sampled  on  September  29, 1912,  by  F.  R.  Clark,  as  shown 

below: 

Section  of  coal  bed  in  prospect  IB  miles  northwest  of  Sunnyside. 


Laboratory  No. 


Bone 

Shale,  sandy 

Coal 

Bone 

Coal 

ThlckneoB  of  bed 

ThickneeB  of  ooal  sampled . 


14»1 

FU  <K. 

aO  2 

aO  i| 

2  5 

0  14 

5  8 

8  6 

8  24 


a  Not  included  in  sample. 

The  sample  was  taken  at  a  point  100  feet  S.  40^  E.  from  openiog. 

Notes. — The  coal  is  black,  hard,  and  massive,  and  aside  from  the  bone  parting  is 
free  from  impurities.  This  is  the  lowest  bed  in  the  series  at  this  point  that  has  any 
considerable  thickness. 

The  coal  from  the  prospect  was  mined  for  local  use  during  the  winter  season,  but 
there  was  no  railroad  connection. 

BMEBY  COUNTY. 

Embrt.    Browning  Mine. 

Sample. — Bituminous  coal;  Emery  field;  analysis  No.  12627  (p.  104). 

JTin^.— Browning;  in  the  NE.  }  8W.  i  sec.  33,  T.  22  S.,  R.  6  E.,  about  4  miles  south 
of  Emery. 

Coal  bed. — I.  Cretaceous  age,  Ferron  sandstone  member  of  the  Mancoe  formatioii. 
The  bed  at  this  place  is  22  feet  thick,  which  is  the  greatest  thickness  known  in  any 
coal  bed  in  this  field.    Roof,  brown  shale;  floor,  brown  shale. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  September  19,  1911,  as 

described  below: 

Section  of  coal  bed  in  Brouming  mine. 


LabofatoryNo 

Roof,  brown  shale. 

Coal 

Shale,  brown 

Coal  with  one  or  two  1-inch  brown  shale  partings 

Floor,  brown  shale. 

Thiekness  of  bed #. 

Thickness  of  ooal  sampled 


12827 

JFt.  fit. 

al  0 

•  i  0 

»20  0 

22  0 

12  0 


o  Not  included  in  sample.  ^  Upper  8  feet  not  included  in  sample. 

The  sample  was  taken  at  the  back  end  of  the  main  entry  165  feet  N.  85^  E.  from 
the  pit  mouth. 
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Emebt.    Oabpbr  Mine. 

Sample.— Bituminous  coal;  Emery  field;  analyfOfl  12652  (p.  104). 

Mtne.—Oupet;  in  the  SE.  i  NW.  i  sec.  26,  T.  22  8.,  R.  6  E.,  about4  miles  southeast 
of  Emery,  in  the  Emery  district.' 

Coal  bed. — 0.  Cretaceous  age,  Ferran  sandstone  member  of  the  Mancos  formation. 
The  bed  averages  about  9  feet  thick  in  the  immediate  locality.  Roof,  sandstone; 
floor,  soft  drab  clay. 

The  bed  was  measured  by  C.  T.  Lupton  on  September  23, 1911,  as  described  below: 

Section  of  coal  bed  in  Casper  mine. 


Laboratory  No , 

Rool.  aiHutooo. 

dial 

SvidMoiw  and  abate 

GoajyVtfybony 

Coal,  mod , 

Ooal,Dony 

Coal. 

Floor,  soft  diab  sbale. 

TbieknnBofbad 

TbkkiMBS  of  ooal  sampled. 


12652 

Ft. 

in. 

a  1 

3 

*  1 

H 

a  0 

2 

6 

li 

6 

10 

3i 

•  Not  iadaded  in  sample. 

The  sample  was  taken  at  the  back  end  of  the  main  entry  about  200  feet  northwest 
from  the  pit  mouth. 

Emebt.    Surface  Pbospect. 

Sample. — ^Bituminous  coal;  Emery  field;  analysis  No.  14903  (p.  104). 

Surface  prospect.— Ctiye  under  rock  ledge,  in  the  SW.  i  SW.  i  sec.  32,  T.  23  8.,  R. 
6  E.,  about  12  miles  southwest  of  Emery,  in  the  Emery  district. 

Coal  bed. — I.  Cretaceous  age,  Fenon  sandstone  member  of  the  Mancos  formation. 
The  bed  is  about  12  feet  thick  at  this  locality.  Roof,  drab  and  brown  clay;  floor, 
brown  sandstone. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  September  27,  1912,  as 
described  below: 

Section  of  coal  bed  at  surface  prospect  about  12  miles  southwest  of  Emery. 


LabontoryNo 

Roof,  drab  and  brown  cisy. 

Coal 

ClaT,  brown 

Floor,  brown  sand^one. 

ThSokBflOi  of  bed 

TbiotaMas  of  ooal  sampled . 


14908 

Ft. 

fa. 

5 

5 

al 

10 

5 

0 

12 

3 

10 

6 

a  Not  included  in  sample. 

The  sample  was  taken  from  a  surface  prospect  in  a  cave  under  a  rock  ledge  at  the 
place  indicated  above. 

Emery.    Wiluams  Mike. 

Sample. — ^Bituminous  coal;  Emery  field;  analysis  No.  12613  (p.  104). 

Mnu.—WimaanB;  SE.  i  SW.  isec.  12,  T.  22  S.,  B.  6  E. ;  about  2^  miles  east  of  Emery. 

Qool  5^, — I.  Cretaceous  age.  Perron  sandstone  member  of  the  Mancos  formation. 
The  bed  averages  about  6  feet  thick  in  this  part  of  the  field.  Boof ,  sandstone  with  a 
little  coal  in  the  lower  part;  floor,  sandy  shale.  This  coal  bed  is  about  250  feet  strati- 
giaphically  above  the  base  of  the  Perron  sandstone  member. 

47fl64*— Bun.  86—14 ^22 
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The  bed  waa  sampled  and  meaaured  by  G.  T.  Lupton  on  September  14,  1911,  as 

described  below: 

Section  of  coal  bed  in  Williams  mine. 


LaboratoijNo.. 
Roof,  aanaaUxM. 
Coal 


13613 

Ft.  to. 

0  4 

Bone  and  coal '       0  2 

Coal 5  8 

Floor,  sandy  shale. 

Thickness  of  bed 5  M 

Thickness  of  ooal  sampled 5  Oi 

The  sample  was  ts^en  at  the  back  end  of  the  main  entry  200  feet  S.  60^  E.  horn  the 
entry  mouth. 

SEVIBB  CGUKHY. 

Emert.    Surface  Prospect. 

Sample. — ^Bituminous  coal;  Emery  field;  analysis  15061  (p.  104). 

Location. — Surface  prospect;  in  the  SW.  }  NW.  J  sec.  26,  T.  24  S.,  R.  5  £.,  about  16 
miles  south  of  Emery. 

Coal  bed. — ^A.  Cretaceous  age,  Perron  sandstone  member  of  the  Mancos  formation. 
The  bed  averages  11  feet  thick  at  this  locality.    Roof,  sandstone;  floor,  brown  shale. 

The  bed  was  measiu^  by  C.  T.  Lupton  on  November  2, 1912,  as  described  below: 

Section  of  coal  at  surface  prospect j  about  15  miles  sovJth  of  Emery. 


Laboratory  No 

Roof,  sandstone. 

Coal,  bonv , 

Coal,  bright 

Coal,  dull 

Bone 

Coal,  bright 

Coal,  dull 

Floor,  brown  shale. 

Thfckn^ta  of  bed 

Thickness  of  ooal  sampled. 


15061 

FU  in. 

0 

10 

1 

7 

5 

10 

aO 

3 

1 

8 

1 

1 

11 

3 

U 

0 

a  Not  included  in  sample. 
Sample  15061  was  taken  at  a  surface  prospect  at  the  locality  stated. 

Fremont.    Hoqan  Prospect. 

Sample. — Bituminous  coal;  Emery  field;  analysis  No.  16090  (p.  104). 

Prospect— Hogan;  about  15  miles  northeast  from  Premont,  in  the  SW.  \  NW.  \ 
sec.  3,  T.  26  S.,  R.  4  E. 

Coal  bed. — ^A.    Gretaceous  age.  Perron  sandstone  member  of  the  Mancos  formation. 
The  bed  at  this  place  averages  5  feet  thick.    Roof,  shale;  floor,  shale  and  bone. 

The  bed  was  measured  and  sampled  by  G.  T.  Lupton  on  October  21,  1912,  as 
described  below: 

Section  of  coal  bed  in  Hogan  prospect. 


Laboratory  No 

Roof,  shale. 

Coal 

Bone 

Bone  and  bony  ooal 

Coal 

Floor,  shale  and  bone. 

Thickness  of  bed 

Thickness  of  ooal  sampled . 


IfiOOO 

FL   in, 

aO      8 

aO      5 

•  I      0 

3      0 

S      1 
3      0 


«  Not  faidnded  in  sample. 
The  sample  waa  taken  at  the  back  end  of  the  drift,  20  feet  N.  40**  W.  from  the  mouth. 
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Salina.    Keabns  &  DvooiNs  Mine. 

Sample. — BituminouB  coal;  Wasatch  Plateau  field;  analysu  No.  15045  (p.  104). 

Mine, — Kearns  and  Duggins;  about  15  miles  east  of  Salina,  in  the  SW.  \  SW.  \  sec.  7, 
T.  22  S.,  R.  3  E.,  Salt  Lake  Meridian. 

Coal  bed. — ''Duggins."  Cretaceous  age,  Mesaverde  formation.  The  bed  averages 
3  feet  9  inches  thick  at  this  locality.    Roof,  shale;  floor,  hard  gray  sandstone. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  October  26, 1912^  as  described 

below: 

Section  of  coal  bed  in  Keama  A  Duggins  mine. 


Laboi&tory  No 

RooffShiUe. 

Coal,  ooDtaining  resin  globules. 


Coal. 


Floor,  gray  sandstone. 
TWck 


ImesBOfbed. 
ThicknesB  of  coal  sampled . 


15045 
fL  in, 

2  8 
aO     2 

0    11 

3  9 
3     7 


a  Not  included  In  sample. 
The  sample  was  taken  in  a  room  off  the  entry,  178  feet  north  of  the  entry  mouth. 

ST7MKIT  COUTSTTY. 

Coalville.    Rees-Grabs  Creek  Mine. 

Sample, — Subbituminous  coal;  Coalville  field;  analysis  No.  13216  (p.  329). 

Mine, — Rees-Grass  Creek,  a  slope  mine  in  SW.  i  sec.  24,  T.  3  N.,  R.  5  E.,  5  miles 
northeast  of  Coalville. 

Coal  bed. — Wasatch.  Cretaceous  age,  Frontier  formation.  The  roof  of  the  bed  in 
some  parts  of  the  mine  is  sandstone  and  in  others  shale.    The  floor  is  shale. 

The  bed  was  measured  and  sampled  by  C.  H.  Wegemann  on  October  11, 1911. 

The  sample  was  taken  400  feet  below  the  sur^e  and  500  feet  east  of  the  main  slope, 
and  represented  an  8-foot  6^inch  cut  of  coal. 

Notes, — A  slope  is  run  on  the  dip  of  the  bed  about  30^  northwest  and  the  coal  care 
were  brought  to  the  surface  by  a  hoisting  engine.    Capacity  of  mine,  150  to  2Q0  tons. 

Coalville.    Superior  Mine. 

^amp^.— Subbituminous  coal;  Coalville  field;  analysis  No.  13217  (p.  329). 

Mine. — Superior,  a  slope  mine  on  the  south  side  of  sec.  16,  T.  2  N.,  R.  5  E.,  1 
mile  southeast  of  Coalville. 

Coal  bed, — ^Wasatch.  Cretaceous  age,  Frontier  formation.  Dip  of  bed  10^  to  15° 
to  the  south. 

The  bed  was  measured  and  sampled  by  C.  H.  Wegemann  on  October  11,  1911,  and 
represented  a  7-foot  6-inch  cut  of  coal. 

The  sample  was  taken  200  feet  below  the  sur&u;e,  1,000  feet  northwest  of  the  foot 
of  slope. 

Note. — Capacity  of  mine,  150  tons. 

Coalville.    Wasatch  Mine. 

Sample, — Subbituminous  coal;  Weber  River  field;  analysis  No.  13218  (p.  329). 

Mine,— VfBBKtch,  a  slope  mine  in  the  SW.  i  sec.  3,  T.  2  N.,  R.  5  E.,  3  miles  north- 
east of  Coalville. 

Coal  bed. — ^Wasatch.  Cretaceous  age,  Frontier  formation.  Dip  about  33°  northwest, 
decreasing  to  12°  farther  down  the  slope. 

The  bed  was  measured  and  sampled  by  C.  H.  Wegemann  on  October  11,  1911. 

The  sample  was  taken  on  the  800-foot  level,  3,000  feet  northeast  of  main  slope,  and 
represented  a  10  foot  6-inch  cut  of  coal. 

Note. — ^The  capacity  of  this  mine  at  the  time  of  sampling  was  about  500  tons. 
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For  analyses  and  descriptionB  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 

Bureau  of  Mines,  1913,  pp.  812-813. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

Bull.  285. 

TJINTA  COUNTY. 

Vernal.    Blue  Bell  Mine. 

Sample. — ^Bituminous  coal;  Vernal  field;  analysis  No.  10712  (p.  105). 

Mine. — ^Blue  Bell,  a  mine  in  sec.  8,  T.  3  S.,  R.  22  E.,  about  7  miles  north  of  Vernal 
and  100  miles  east  of  Heber,  which  is  the  nearest  station  on  the  Rio  Grande  &  Western 
Railway. 

Coal  bed. — ^No  name.  Cretaceous  age,  Mesaverde  formation.  Thickness,  7  feet 
8  inches.    Floor,  brown  carbonaceous  shale. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  August  3, 1910,  as  described 

below: 

Section  of  coal  bed  in  Blue  Bell  mine. 


Laboratory  No 

Roof,  not  stated. 

Coal,  bright  and  solid. . . 

Coal,  bony 

Coal,  bright  and  solid. . . 

day,  brown,  very  hard. 


Clay,  very  soft. 
Coal,  bri^t 
Coal,  dull.. 


Coal,  bright  and  solid 

Shale,  brown 

Coal,  bright 

Floor,  shale. 

Thicloiess  of  bed 

Thickness  of  coal  sampled . 


10712 
FL     te. 


1 

aO 

0 

•  0 

aO 

0 

0 

1 

aO 

3 

7 
6 


4 

1 
8 

2 
9 
3i 
0 


a  Not  included  in  sample. 
The  above  sample  was  taken  at  the  &ce  of  the  entry  about  225  feet  from  the  mouth. 

Vernal.    Green  Mine. 

Sample. — Bituminous  coal;  Vernal  field;  analysis  No.  10713  (p.  105). 

Mine. — Green,  a  mine  in  sec.  13,  T.  4  S.,  R.  22  E.,  8  miles  east  of  Vernal  and  about 
110  miles  east  of  Heber,  which  is  the  nearest  station  on  the  Rio  Grande  &  Western 
Railway. 

Coal  bed. — No  name.  Cretaceous  age,  Mesaverde  fonnation.  Thicknees,  4  feet 
8}  inches.  Roof,  gray  sandstone,  about  2  feet  thick;  floor,  gray  sandstone  about  8 
feet  thick. 

The  bed  was  measured  and  sampled  by  0.  T.  Lupton  on  August  2,  1910,  as  de- 
scribed below: 

Section  of  coal  bed  in  Green  mine. 


Laboratonr  No 

Roof,  sandstone. 

Coal,  fair 

Coal,  soft,  bony 

Coal,  hard,  bony 

Bone,  streaked  with  ooal 

Coal,  good  quality 

CoalfDony 

Coal,  good 

Shale  and  bone  with  thin  ooal  streaks. 

Coal,  fair  quaUty 


Coal,  bony 

Coal,  sandy  (considered  as  waste). 
Floor.  Cray  sandstone. 

Tmokness  of  bed 

Thickness  of  ooal  sampled 


10713 
FL  ta. 
0     5 


•  0 
«0 

•  0 
0 
0 
0 

aO 

0 
aO 

•  0 


5 

4 


3 
7 


4    11 
2     6 


a  Not  included  in  sample. 

The  sample  was  taken  at  the  face  of  the  entry,  75  feet  from  the  mouth, 
at  this  point  was  slightly  weathered. 


The  coal 
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Vbrnal.    Reynolds  Minb. 

Sample. — ^Bituminous  coal;  Vernal  field;  analysis  No.  10812  (p.  105). 

Mine. — Reynolds,  a  mine  in  sec.  20,  T.  3  S.,  R.  19  E.,  about  20  miles  west  of  Vernal 
and  80  miles  east  of  Heber,  which  is  the  nearest  station  on  the  Rio  Grande  &  Western 
Railway. 

Coal  bed, — ^Mancos.  Cretaceous  age,  Mesaverde  formation.  Thickness,  5  feet  4 
inches;  dip,  20^  south.  Roof,  shale,  about  4  feet  thick;  floor,  shale.  Dip,  20^  to  the 
south. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  August  18,  1910,  as 

described  below: 

Section  of  coal  bed  in  Reyrkolds  mine. 


Laboratory  No 

Roof,  shale. 

Clay  ahale  with  strealu  of  ooal  hear  bottom 

Coal,bri8^t 

Clay  shale,  brown  and  soft 

Coal,8oUd 

Clay  shale,  brown  with  coal  streaks •. 

Coal,  solid 

Coal,  bony 

Coal,  soUa  and  bright 

Floor,  brown  clay. 

Tnickness  of  bed 

Thicknees  of  ooal  sampled 


10612 

Ft.  in. 

oO  7i 

aO  % 

aO  2i 

2  li 
«0  2 

0  6 
«0  4 

1  2| 

5      4 

3  10 


a  Not  included  in  sample. 
The  sample  was  taken  at  the  face  of  the  main  entry  about  210  feet  from  the  surface. 

WASATCH  COUNTY. 

Hanna.    Prospect. 

Sample. — Subbituminous  coal;  Blacktail  Mountain  field;  analysis  No.  10998  (p.  105). 

Mine. — ^This  prospect,  in  sec.  26,  T.  1  S.,R.9  W.,  on  Red  Creek,  is  about  15  miles 
southwest  of  Hanna  post  office  and  30  miles  east  of  Heber,  which  is  the  nearest  station 
on  the  Rio  Grande  db  Western  Railway. 

Coal  bed. — Cretaceous  age,  Mesaverde  formation.  Thickness,  about  24  feet.  Roof, 
a  brown  shale,  which  contains  a  small  amount  of  bone  and  coal;  floor,  a  brown  clayey 
shale. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  September  13,  1910,  as 
described  below: 

Section  of  coal  bed  in  prospect  15  milee  soiUhwest  of  Hanna. 


Laboratory  No 

Roof,  shale. 

Coal,  bright  and  hard 

Shale.  Drown 

Coal,  Drteht  and  hard 

Coal,  dojl  and  slightly  dirty . 
Floor,  elay  shale. 

Tnickness  of  bed 

Thickneas  of  ooal  sampled. . 


10906 

Ft. 

in. 

18 

6 

aO 

U 

4 

5 

1 

0 

24 

Oi 

24 

8 

a  Not  included  in  sample. 

The  above  sample  was  taken  at  the  face  of  the  entry  about  100  feet  from  the  mine 

mouth. 

Hanna.    Winchestbb  Pbospbct. 

Sample. — Lignite;  Blacktail  Mountain  field;  analysis  No.  10997  (p.  105). 

JfiR«.— -Winchester,  a  prospect  in  sec.  7,  T.  1  S.,  R.  7  W.,  on  Farm  Greek  about  3 
miles  east  of  Hanna  post  office  and  40  miles  east  of  Heber,  which  is  the  nearest  station 
on  the  Rio  Grande  &  Western  Railway. 


332  ANALYSES  OF  GOAL. 

Coal  bed, — ^Biancoe.    Cretaceous  age,  Meaaverde  formatioii.    Thickness,  about  5 

feet. 

The  bed  was  examined  and  sampled  by  0.  T.  Lupton  on  September  9,  1910,  as 

described  below: 

Section  of  coal  bed  in  Winchester  prospect. 

I 

Laboratory  No i    10907 

Roof,  gray  aandsUme.  j    Ft,   in. 

Coal,  oontainJiif  lenaes  of  aandBtone aO       1 

Coal,  good  and  oright 

Floor,  carbonaceous  shale. 

Tmcknees  of  bed 

ThlcknesB  of  ooal  sampled 


4     10 

4     11 
4     10 


a  Not  incladed  In  sample. 
The  above  sample  was  taken  about  10  feet  down  the  slope  from  the  entry  mouth. 

Hbbbr.    Cumminos  Minb. 

Sample. — Subbituminous  coal;  Blacktail  Mountain  field;  analysis  No.  11058 
(p.  106). 

Mine. — Gununings;  an  abandoned  mine  in  sec.  31,  T.  1  S.,  R.  10  E.,  on  Current 
Creek,  about  28  miles  southeast  of  Heber,  which  is  the  nearest  station  on  the  Rio 
Grande  &  Western  Railway. 

Coal  bed. — Not  named.  Cretaceous  age,  Mesaverde  formation.  Thickness,  about 
13  feet. 

The  sample  was  taken  by  C.  T.  Lupton  in  September,  1910,  and  represented  a 
10-foot  6-inch  cut  of  coal.  The  mine  was  more  or  less  caved  and  the  sample  was 
taken  from  a  good  surface  exposure. 

VIRGINIA. 
DICKENSON  COUNTY. 

Clintwood.    Elbert  Powers  Mine. 

Sample. — Bituminous  coal;  central  Appalachian  field;  analjrsis  No.  14767  (p.  106). 

Mine. — ^Elbert  Powers,  a  local  mine,  3  miles  southeast  of  Clintwood. 

Coal  bed. — Supposed  to  be  Clintwood.    Carboniferous  age,  Pottsville  formation. 

Roof,  bone;  floor,  coal;  cover,  25  feet. 

The  bed  was  measured  and  sampled  by  W.  A.  Nelson,  September  17,  1912,  as 

described  below: 

Section  of  coal  bed  in  Elbert  Powers  mine. 


Laboratory  No 

Roof,  not  stated. 

Coal 

Bone 

Coal 

"Bash" 

Coal 

"Rash" 

Coal 

Floor,  coal. 

Thickness  of  bed 

Thickness  of  ooal  sampled . 


14787 
rt,    in. 

•  2 

7J 

oO 

i 

1 

11 

0 
0 
0 

■1 

2 

4 

7 

4 

'? 

a  Not  included  in  sample. 
The  section  was  measured  in  the  main  entry  20  feet  from  the  mine  mouth. 

Clintwood.    Yeates  Mine. 

>$am/>^.— Bituminous  coal;  central  Appalachian  field;  analjrsis  No.  14766  (p.  105). 

iltn«.— Yeates,  a  local  drift  mine  near  Clintwood,  5  miles  west  of  the  CUnchfield, 
Carolina  &  Ohio  Railroad. 

Coal  bed. — Clintwood.  Carboniferous  age,  Pottsville  formation.  Thickness,  uni- 
form.   The  bed  lies  flat.    Roof,  shale;  floor,  shale. 
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The  bed  was  measured  and  aampled  by  W.  A,  Nelson  on  September  21,  1912,  as 
described  below: 

Section  of  coal  bed  in  Yeates  mine. 


Laboratory  No 

Roof,  shale. 

Bone 

Coal 

Bone 

Coal 

Bone 

Coal 

Bone 

Coal 

B<me 

Coal 

Floor,  sbale. 

Thickness  of  bed 

Thinknew  of  coal  aampled 


14766 

Ft. 

to. 

0 

1 

0 

9 

0 

2 

0 

H 

0 

1 

0 

3 

0 

1 

0 

3 

0 

1 

1 

8 

t  II 


The  bed  was  measured  at  the  end  of  right  entry  1,  off  the  main  entry,  100  feet  from 

the  main  entry. 

HENBICO  00X7NTY. 

Gatton.    Carbon  Hill  Minb. 

Sample. — Semibituminous  coal;  Richmond  basin  field;  analyses  Nos.  15050  and 
15051;  also  natural  coke  analysis  No.  15052  (p.  106). 

Mine. — Carbon  Hill,  a  slope  mine  1  mile  from  Gayton  and  connected  by  private 
railroad  Une  to  the  ChesapeaJce  &  Ohio  Railroad  at  Lorain. 

Coal  beds. — ^B  and  C.  Triassic  age,  Newark  series.  The  bed  has  an  approximate 
dip  of  35^  to  the  west.  Occasional  faults  are  encountered.  The  B  seam  contains 
numerous  bands  of  shale.  The  floor  of  the  B  bed  is  an  und«x:lay;  the  roof  of  the  B 
bed  and  the  roof  and  floor  of  the  C  bed  are  shale.  The  C  bed  has  been  coked  in 
places  by  the  heat  of  igneous  intrusions. 

The  B  bed  was  measured  and  sampled  at  one  point  and  the  C  bed  at  two  points  in 
the  mine  by  H.  I.  Smith  on  November  3,  1912,  as  described  below: 


Sections  of  C  bed  in  the  Carbon  Hill  mine. 

SeetiCHi 

A 

15050 
Ft.  in. 
aO     2 
3      4 

3      6 
3      4 

B 

lAJwratonr  No 

15062 

Boof.shale. 

Natural  coke 

Ft.    in. 
2     3 

Coal 

al     0 

FkMir.  carbonaoeoos  shale. 
Tukdniess  of  bed , 

3     3 

Tbl(*>TMKPff  nf  ooal  sampled . 

« 

2      8 

a  Not  InolQded  in  sample. 
Section  o/B  bed  in  the  Carbon  HUl  mine. 


LaboratoryNo 

Roof,  *'draw  slate." 

Coaly  hard 

Shale 

Coalstrei^ced  with  shale. . 

Shale 

Coaly  yecy  friable 

Shale 

Coal 

Shale 

Coal 

FloOTfOlay. 

Tlitoknwwofbed 

ThfckTWHB  of  ooal  sampled 


15051 

Ft. 

<n. 

1 

0 

aO 

1 

0 

0 

0 

i 

1 

0 

0 

4 

0 

11 

aO 

1 

1 

3 

4 

11 

4 

9 

a  Not  inoladed  bi  sample. 
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Section  A  (sample  15050)  waa  taken  in  the  main  gangway,  oppoaite  room  45  (C  bed). 

Section  B  (sample  15052)  was  taken  in  the  main  gangway,  opposite  room  32  (C  bed). 

Sample  15051  was  measurod  at  the  face  of  right  gangway  1  off  slope  3,  20  feet  ahead 
of  room  21  (B  bed). 

NoUi. — ^The  Carbon  Hill  mine  is  opened  by  a  slope  which  strikes  the  coal  a  short 
distance  from  the  surface  and  follows  the  dip  of  the  coal.  At  the  time  of  sampliqg  the 
coal  was  undercut  by  hand  and  shot  down  with  a  permiaBible  explosive.  The  coal 
mined  was  washed  on  account  of  the  ''slate"  partings  in  B  bed  being  very  brittle. 
It  is  estimated  that  one-fourth  of  the  coal  mined  was  lost  in  washiqg  by  breakii^ 
to  a  very  fine  slack.  It  was  claimed  that  the  mine  had  been  worked  at  intervala 
for  100  years,  and  that  it  had  a  probable  life  of  100  years  moiro.  The  future  tonnage 
was  to  be  derived  from  both  pillar  and  advanced  workings.  Pillars  had  not,  as  yet, 
been  pulled.  The  daily  output  of  the  mine  was  150  tons,  with  a  maximum  day's 
run  of  345  tons.  This  amount  was  to  be  increased  to  600  tons.  Pickers  were  em- 
ployed on  both  the  cars  and  on  belt.  The  coal  loaded  was  fine,  containing  practi- 
cally no  lump.  There  were  two  loading  tracks  with  a  capacity  of  15  loaded  cars  and 
15  empty  cars.    Only  the  B  and  C  beds  were  being  worked. 

For  a  description  of  the  geological  relations  of  these  coal  beds,  see  19th  Annual 
Rept.,  1897-98,  U.  S.  Geol.  Survey,  1899,  p.  474. 

BU88ELL  COUNTY. 
Dantb.    No.  2  and  No.  5  Minbs. 

iS^ampZ«.— Bituminous  coal;  Russell  Fork  field;  analyses  Nos.  10734,  10735,  10737, 
and  10738  (p.  106). 

Mine. — ^Nos.  2  and  5,  drift  mines,  2  miles  north  of  Dante  on  the  Carolina,  CUnchfield 
&  Ohio  Railway. 

Coal  bed. — Upper  Banner.  Carboniferous  age,  Norton  formation.  Average  thick- 
ness, 5  feet  2}  inches.    Roof,  gray  shale,  of  good  quality;  floor,  smooth  hard  shale. 

The  bed  was  measured  and  sampled  at  foiu*  points  in  the  mine  by  P.  M.  Riefkin  on 
August  13,  1910,  as  described  below: 

Sections  of  coal  bed  in  No,  t  and  No,  5  mines. 


Section 

Laboratory  No 

Roof,  eray  sliale. 

Coal,iiard 

Coal 

Mother  ooal 

Coal,  hard 

Coal 

Sandstone 

Coal 

Shale 

Coal 

Coal,  hard 

Coal. 

Mother  ooal 

Coal 

Floor,  hard  smooth  shale. 

Tniokness  of  bed 

Thickness  of  ooal  sampled. 


A 

B 

c 

10734 

10785 

107S7 

Ft,  in. 

Ft.  Hi, 

Ft,iin, 

•  •    •  • 

0  «i 

•  a    •• 

0  6| 

•  •  •• 
0  4t 

0  34 
0  5 
aO 

0  6 

•  •    •  • 

0  ^ 

0  7 

1  1 

aO  \\ 

•  0  1 

1  4 

1  4 

0  10 

•  0   f 

0  5 

aO  2i 

0  6 

•  0 
0  6 
0  3 

0  5 

0  H 

1  H 

1  1 

0  7 

•  •    •  • 

•  •    •  • 

■  •    •  • 

?  t 

5  3» 
5  1 

U 

n 

D 
10738 
Ft,  to. 
0   8 

SI 


0 
•  0 

0 
«0 

0 

0 

1 


4i 

1 

i 

? 


5    5i 
5    8 


a  Not  included  in  sample. 

Section  A  (sample  10734)  was  measured  at  the  foce  of  the  butt  heading  off  the  fourth 
left  drift  off  the  McClure  entry.  No.  2  mine. 

Section  B  (sample  10735)  was  measured  in  room  10,  off  right  heading  3,  off  the  fiisi 
drift  off  the  McOlure  entry,  No.  2  mine. 

Section  G  (sample  10737)  was  measured  pX  the  face  of  room  14,  right  heading  5,  off 
drift  9,  No.  5  mine. 


yibginia:  wise  county. 


S8$ 


Section  D  (sample  10738)  was  measured  from  the  butt  on  left  heading  9,  off  diift 
9,  No.  5  mine. 

Notes. — ^Tbese  mines  are  opened  by  drift  entries  and  deliver  the  coal  over  the  same 
tipple.  At  the  time  of  sampling  the  coal  was  undercut  by  machinee  and  shot  down 
with  black  powder.  A  new  tipple,  under  construction,  was  to  be  equipped  to  produce 
various  commercial  sizes.  There  was  one  loading*  track  with  a  capacity  of  40  cars. 
The  combined  daily  production  of  the  two  mines  was  1,600  to  1,700  tons,  obtained 
from  both  advance  and  pillar  workings.  It  was  stated  that  the  production  of  the 
mines  would  probably  be  increased  to  about  2,400  tons. 

WISB  COUNTY. 
Flat  Gap.    Reuben  Boluko  Mine. 

Sample. — Bituminous  coal;  central  Appalachian  field;  analysis  No.  15174  (p.  107). 

Mine. — Reuben  Boiling.  Local  mine  2  miles  east  of  Flat  Gap  and  10  miles  from 
nearest  railroad. 

Coal  hed.-^hower  Boiling.  Carboniferous  age,  Pottsville  formation.  Thickness, 
uniform,  flat;  roof,  shale;  floor,  clay;  cover,  25  feet. 

The  bed  was  measured  and  sampled  by  Charles  Butts,  November  1,  1912,  as  de- 
scribed below: 

Section  of  coal  bed  in  the  Reuben  Boiling  mine. 


lAbontory  No. 
Roof,  abate. 
OOBl 

CoiV.'.'.'.V. 
GUi 


GoJi 


Floqr.Glay. 

Iliidmeasofbed. 


Thickness  of  ooal  sampled . 


15174 

Ft.  In. 

sO     4 

aO    10 

1      6 

0  1 

1  5 

4      1 

2  11 


a  Not  Induded  in  sample. 
The  bed  was  measured  in  the  entry  15  feet  from  mine  mouth. 

Glamorgan.  Glamoroan  No.  3  Mine. 

Sample. — ^Bituminous  coal;  central  Appalachian  field;  analysis  Nos.  15100  and 
15101  (p.  107). 

Mine. — Glamorgan  No.  3,  a  drift  mine  at  Glamorgan,  on  the  Wise  Terminal  Railroad. 

Coal  6e(f.— Glamorgan.  Carboniferous  age,  Pottsville  formation.  Thickness,  vari- 
able, nearly  flat;  roof,  shale;  floor,  shale. 

The  bed  was  measured  and  sampled  by  Charles  Butts,  November  5,  1912,  as  de- 
scribed below: 

Sections  of  coal  bed  in  Olamorgan  No.  S  mine. 


Seedon 

LabontaryNo. 

Rool,aliate. 

Coal 

Bone* 

Coal 

Bene* 

Goal 

FUxr.  not  stated. 

TntekwwB  of  bed 

ThlckDesB  of  ooal  sampled 

a  Not  Included  in  sample. 


A 

k 

15100    1 

Ft. 

fn. 

1 

0 

aO 

1 

1 

10 

aO 

U 

0 

8 

4 

H 

4 

a 

B 
16101 
Ft.   in. 

3       8 
aO       1 

0      7 


4 
4 


4 
8 
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Section  A  (sample  15100)  was  measured  at  the  face  of  the  eecaad  dip  entry,  6,000 
feet  from  the  mine  mouth. 

Section  B  (sample  15101)  was  measured  at  the  face  of  the  Glady  entry,  7,000  feet 
from  the  mine  mouth. 

Note. — The  coal  from  this  mine  is  of  good  coking  quality. 

Pardee.    Pardee  Mine. 

Sample. — ^Bituminous  coal;  central  Appalachian  field;  analysiB  No.  15099  (p.  107.) 

Mine. — ^Pardee;  a  drift  mine  at  Pardee,  on  the  Roaring  Fork  Railroad. 

Coal  bed. — Pardee  (Limestone,  Parsons).  Carboniferous  age,  Pottaville  formation. 
Thickness,  uniform,  flat;  roof,  shale;  floor,  shale. 

The  bed  was  measured  and  sampled  by  Charles  Butts,  November  6, 1912.  and  repre- 
sented a  9-foot  7-inch  cut  of  coal. 

The  section  was  measured  at  face  of  main  entry,  2,000  feet  from  drift  mouth. 

Note. — ^The  coal  was  hard. 

WASHINGTON.* 
KINO  COUNTY. 

Grand  Ridoe.    Grand  Ridob  Mine. 

iSampZ«.— Subbituminous  coal;  analyses  Nos.  11736,  11737,  11738  (p.  107). 

Mine. — Grand  Ridge,  a  slope  mine  one-fourth  mile  east  of  Grand  Ridge  and  3 
miles  east  of  Issaquah,  in  the  SE.  \  NE.  i,  sec.  26,  T.  24  N.,  R.  6  E.,  on  the  North 
Bend  branch  of  the  Northern  Pacific  Railway. 

Coal  beds. — No.  3,  No.  4,  and  No.  7.  Tertiary  (Eocene)  age,  Puget  formation. 
Dip,  about  32*»  NW. 

The  beds  were  measured  and  sampled  on  February  9,  1911,  by  G.  W.  Evans,  as 
described  below: 

Sections  of  coal  beds  in  the  Grand  Ridge  mine. 


Section 

Laboratory  No 

Roof:  Section  A,  sandstoDe;  section  B,  shale;  section  C,  shale. 

Coal 

Shale,  carbonaoeoas 

Clay,  white,  plastic 


Sff: 


day,  white,  plastic 

Bone  and  coal 

Coal 

Shale,  laminated. . . 
Clay,  plastic 


S3; 


somewhat  bony. 


day,  plastic 
Coal,un] 


ipnre 

Shale,  carbonaceous 

Flocr:  Section  A,  sandstone;  sections  B  and  C,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

11736 

11737 

Ft.   in. 

Ft.   Hi. 

\      7 

•  »         «  • 

aO     8 

aO      4 

aO      6 

•  •          •  • 

1    11 

3      1 

aO      5 

«  •         •  • 

al      2 

■  •         ■  • 

a'o    '4 

mm             •  * 

6     2 

•  •             •   * 

8     5 

3      6 

3      1 

c 

1173S 

Ft.  in. 

I  6 

•6  "i 

1  S 

•  0  I 


«0 

0 

«0 

•  0 

•  1 


S 
8 
5 
6 

1 


7      7| 
S     2 


a  Not  indnded  In  sample. 

Section  A  (sample  11736)  was  collected  from  the  No.  3  bed,  on  the  left  side  of 
chute  4.    The  sample  was  dry  when  taken. 

Section  B  (sample  11737)  was  collected  from  the  No.  4  bed,  on  the  north  aide 
where  the  rock  tunnel  cuts  the  bed.    The  sample  was  damp  when  taken. 

Section  G  (sample  11738)  was  collected  from  bed  No.  7.    The  sample  was  wet  when 

taken. 
Note. — ^The  output  from  each  of  beds  Nos.  3,  4,  and  7  was  250  tons  a  day. 


a  For  a  detailed  discussion  of  Washington  coals  see  U.  S.  Ged.  Sorvey  Bull.  474. 
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Ellensburg.    Buchannon  Prospect. 

Sample. — Bituminous  coal;  Manastaah  field;  analysis  No.  13267  (p.  107.) 

Locality. — Buchannon  prospect,  in  sec.  16,  T.  18  N.,  R.  15  E.,  about  25  miles  west 
of  Ellensbuig,  which  is  on  the  Northern  Pacific  and  the  Chicago,  liilwaukee  &  Puget 
Sound  Railways. 

Coal  beds. — ^No.  lOd.  Tertiary  (Eocene)  age,  Manastash  formation.  Thickness, 
3  feet  9)  inches. 

The  bed  was  measured  and  sampled  by  E.  J.  Saunders  on  August  2,  1911,  as 
described  below: 

Section  of  coal  bed  in  prospect,  tS  miles  west  of  Ellensburg. 


Laboratory  No. 


Bone  and  ooal , 

Shale,  crushed 

Coal  and  bone 

Coal  (lenses) 

Coal,  soft,  with  shale. 
Coal. 


Coal,  soft,  with  shale. 
Thfcknees  of  bed 


ThickDe8S«of  coal  sampled 


13267 
FL  in. 

0     3 
aO      8 

0      5 


0 
0 
1 
0 
3 
3 


5 
4 

n 


a  Not  included  in  sample. 

The  sample  was  collected  from  the  face  of  the  entry,  35  feet  northeast  of  its  mouth. 
The  sample  was  wet  when  taken. 

Ellensburg.    Prospect. 

Sample. — Bituminous  coal;  Manastash  field;  analysis  No.  13266  (p.  107). 

Ltocaliiy. — Prospect  in  sec.  22,  T.  18  N.,  R.  15  E.,  about  25  miles  west  of  Ellensburg, 
which  is  on  the  Northern  Pacific  and  the  Chicago,  liilwaukee  &  Puget  Sound  Railways. 

Coal  bed. — No.  7.  Tertiary  (Eocene)  age,  Manastash  formation.  Roof  and  fioor, 
shale.    Thickness,  2  feet  10)  inches. 

The  bed  was  measured  and  sampled  by  E.  J.  Saunders  on  August  1,  1911,  as  de- 
scribed below: 

Section  of  coal  bed  in  prospect,  26  miles  west  of  Ellensburg. 


Laboratory  No. 
Roof,  shale 

Coal,  bony. 

Coal 


Coal 

Coal  and  bone  (crushed). . 
Floor,  shale. 

ThJcknees  of  bed 

Thickness  of  ooal  sampled . 


13266 

FL 

in. 

0 

8i 

0 

6 

oO 

1 

1 

4 

0 

3 

2 

101 

2 

M 

a  Not  included  fai  sample. 

The  sample  was  collected  from  face  of  the  entry,  30  feet  from  the  mouth.    It  was 
dry  when  taken. 
Note. — ^The  mine  was  idle  at  the  time  of  sampling. 

Ellensburg.    Prospect. 

Sample. — Bituminous  coal;  Manastash  field;  analysis  No.  13268  (p.  107). 

XocoZt/y.— Prospect  in  sec.  22,  T.  18  N.,  R.  15  E.,  about  25  miles  west  of  Ellens- 
burg, which  is  on  the  Northern  Pacific  and  the  Chicago,  Milwaukee  &  Puget  Sound 
Railwa3rs. 
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Coal  beds. — No.  9c.    Tertiary  (Eocene)  age,  Manawtaah  fonnation. 
The  bed  was  measured  and  sampled  by  E.  J.  Saunders  on  August  1, 1911,  as  described 
below:  . 

Section  of  coal  bed  in  prospect,  25  miles  west  of  Ellensburg. 


Laboratory  No 

Roof,  shale. 

Shale,  carbonaoeous 

Coal,  slightly  bony 

Coal,  soft,  and  shale 

Coal 

Shale,  oarbomaoeoos 

Floor,  shale. 

Thiokness  of  bed 

Thickness  of  ooal  sampled . 


FL 

I*. 

•  0 

2 

0 

6 

1 

0 

1 

8 

SO 

2 

3 

6 

3 

2 

a  Not  included  in  sample. 

The  sample  was  collected  from  the  face  of  the  entry,  40  feet  from  its  mouth.  It 
was  wet  when  taken. 

ROSLTN.      ROBLTN   No.    1   AND  No.    2   MiNES. 

5amp2«.— Bituminous  coal;  analyses  Nos.  11522,  11523,  11524,  11525,  and  11256 
(p.  107). 

Jftnes.— Roslyn  No.  1  and  No.  2,  slope  mines  at  Roslyn,  in  sees.  8  and  9,  T.  20  N., 
R.  15  E.,  on  a  branch  of  the  Northem'Pacific  Railway,  with  which  line  it  connects  at 
Clealum. 

Coal  bed. — Roslyn.  Eocene  age,  Roslyn  formation.  Avera^  thickness,  4  feet 
4  inches;  dip  of  bed  in  No.  1  mine,  9®  W.,  and  in  No.  2,18**  W.;  roof,  gray  shale,  10  feet 
thick  in  Mine  No.  1,  and  18  to  20  feet  thick  in  mine  No.  2;  floor  in  each  mine,  smooth, 
hard  clay,  in  places  more  or  less  shaly;  cover,  at  points  where  samples  were  taken, 
30  to  120  feet  thick. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  H.  M.  Wolflin, 
on  January  2,  1911,  as  described  below: 

Sections  of  coal  bed  in  Roslyn  No.  1  and  No.  2  mines. 


Seotion 

Laboratory  No 

Roof,  shale. 

Coal,  soft 

Coal,  slaty 

Coal,  hard 

Coal,  soft 

Coal,  sulphurous 

Coal,  soft 

Coal,bony 

Coal,  soft 

Floor,  olay. 

Thiokness  of  bed 

Thickness  of  ooal  sampled. 


A 

B 

C 

11522 

11523 

11524 

Ft.  in. 

J^.  M. 

FL  H. 

1   1* 

•  •    •  • 

0   1 

1   1* 

0  4 

mm                     ■  • 

1   6 

1  1 

0  r 

aO  2 

0   1 

I  1 

1   6 

•  •     •  • 

.. 

1   3 

"i  »" 

J  ij 

3  \\\ 
3  9| 

3  111 
3  llf 

D 
lUM 
Ft.  ta. 
2       6 


0 
1 

4 
4 


2 

7 

3 

3 


a  Not  included  In  sample. 

Section  A  (sample  11522)  was  measured  at  the  face  of  the  southwest  slant  entry  of 
the  No.  1  mine,  at  a  depth  of  80  feet  below  the  surface. 

Section  B  (sample  11523)  was  measured  at  the  face  of  east  entry  1,  in  the  No.  1 
mine,  120  feet  below  the  surface. 

Section  C  (sample  11524)  was  measured  at  the  face  of  west  entry  2,  in  the  No.  1 
mine,  100  feet  below  the  surface. 

Section  D  (sample  11526)  was  measured  at  the  hce  of  the  main  slope  of  the  No. 
2  mine,  30  feet  below  the  surface. 

A  composite  sample  was  made  by  mixing  samples  11522,  11523,  and  11324.  The 
results  of  an  ultimate  analysis  of  the  sample  are  given  under  laboratory  No.  11525. 


WASHINGTON:   LEWIS  COUNTY.  339 

Notes. — ^At  the  time  of  sampling  none  of  the  coal  from  these  mines  was  shipped  as 
nm-of-mine.  About  50  per  cent  of  the  coal  passed  through  2}  to  3  inch  bar  screens. 
The  coal  was  not  hand  picked.  There  were  three  loading  tracks,  with  a  capacity  for 
30  or  40  cars.  Each  mine  had  its  own  tipple  and  screening  plant.  Each  mine  was 
opened  by  a  slope;  double  entry,  room-and-pillar  system  of  mining  uised;  black  pow- 
der used  for  breaking  coal  after  undercutting.  The  output  of  the  No.  1  mine  waa 
400  tons  a  day.  The  No.  2  mine  was  equipped  for  handling  about  500  tons  a  day. 
Mine  Nt).  1  had  an  immined  area  of  400  to  500  acres  and  No.  2  of  about  120  acres. 

Thorp.    Wilson  Mine. 

Sample. — Bituminous  coal;  Manastash  field;  analysis  No.  13269  (p.  108). 

Mine. — J.  Wilson,  in  sec.  33,  T.  19  N.,  R.  16  E.,  10  miles  west  of  Thorp,  a  station  on 
the  Northern  Pacific  Railway. 

Coal  bed. — No  name.  Tertiary  (Eocene)  age,  Manastash  formation.  The  bed, 
including  shale  partings,  is  about  9  feet  thick.  Roof,  gray  shale;  floor,  carbonaceous 
shale. 

The  bed  was  measured  by  E.  J.  Saimders  on  July  17,  1911. 

Section  of  coal  bed  in  Joseph  Wilson  mine. 


Roof,  gray  shale. 

Sbale,  carbonaoeood,  aUghtly  graphitic. 

Coal 

Shale,  carbonaoeoos,  graphitic 

Coal,  impare  and  craehea 

Shale,  graphitic 

Coal 

Shale,  carUmaoeous 

Coal 

Shale,  carbonaoeoas 

Slate 

Coal 

FloOT.  carbonaoeoas  shale. 

Thickness  of  bed 


Ft, 

M. 

1 

2 

0 

8 

0 

9 

1 

•3 

0 

11 

1 

0 

aO 

2 

aO 

8 

aO 

4 

al 

0 

«1 

8 

0     2 


a  Not  mined. 

The  sample  analyzed  represented  run-of-mine  coal  taken  from  bunkers.  It  was. 
dry  when  collected. 

LEWIS  COUNTY. 

AiEKBOTA.      Mbn'dOTA   No.    1  MiNE. 

Sample. — Subbituminous  (cannel)  coal;  analyses  Nos.  12305  and  14084  (p.  108). 

Mine. — ^Mendota  No.  1,  a  slope  ndne  at  Mendota,  about  6  miles  east  of  Centralia,  on 
the  Centralia  and  Eastern  branch  of  the  Northern  Pacific  Railway. 

Coal  bed. — Locally  termed  No.  3;  Tertiary  (Eocene)  age,  Puget  formation.  Dip  5  to 
12  per  cent.  Thickness,  approximately  10  feet  with  several  partings  of  clay  )  to  1) 
inches  thick;  roof,  soft,  moist,  crumbly,  massive  sandstone;  in  most  sections  of  the 
mine,  between  the  coal  and  the  roof  there  is  a  band  of  soft,  moist,  gray  clay  about  2 
inches  thick.  The  sandstone  roof  is  about  6  to  12  feet  thick  and  is  overlain  with  hard 
gray  shale.    The  floor  consists  of  a  fairly  hard  and  smooth  sandy  clay. 

The  coal  bed  was  sampled  at  two  points  in  the  mine  by  H.  M.  Wolflin  on  May  22, 
1911,  and  May  31,  1912. 

Sample  12305  represented  selected  coal  cut  from  the  rib  on  the  second  level. 
This  cool  had  the  appearance  of  cannel  and  occurs  in  lenses  and  as  vertical  streaks. 
The  sample  was  cut  from  a  vertical  streak  1}  inches  wide. 

Sample  14084  was  cut  from  rib,  south  level,  and  represented  a  selected  sample 
of  *'cannel"  coal  that  occurs  in  lenses  in  the  coal  bed.    These  lenses  are  irregular  in 
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size,  i<hape,  and  occurence  and  consist  of  coal  that  is  soft,  easily  lighted  by  a  match^ 
bums  with  a  smoky  flame,  and  gives  off  a  strong  odor  of  coal  tar. 

Noie9. — The  Mendota  No.  1  mine  was  opened  by  a  slope  driven  acroas  the  pitdi 
at  an  angle  of  35^  to  40^  to  the  direction  of  the  dip.  At  the  time  of  sampling  the 
cool  was  shot  off  the  solid  with  FFF  black  blasting  powder.  The  shaker  screens  were 
5  feet  4  inches  by  10  feet  with  holes  3  by  6  inches  and  2\  inches  in  diameter.  The 
shaker  screens  for  the  smaller  sizes  of  coal  were  5  feet  4  inches  by  10  feet  with  |-inch 
holes.  The  revolving  screen  for  washed  coal  was  14  feet  long—^  feet  with  ^inch 
openings  and  6  feet  with  {-inch  openings.  The  sizes  produced  in  washing  were  on 
}-inch,  on  }-inch  and  throi^h  f-inch  holes.  Three  loading  tracks,  with  a  capacity 
of  50  empty  cars  and  30  loaded  cars,  were  available.  The  mine  had  a  daily  output  of 
300  tons  with  a  maximum  day's  run  of  800  tons.  About  2,000  acres  ol  coal  remained 
to  be  taken  out  from  this  opening. 

Mo  RTON .      PbOSPBCT. 

Sample. — Subbituminous  coal;  analysis  No.  12563  (p.  108). 

Locality.— Proepect  in  the  SW.  i  sec.  12.  T.  12  N.,  R.  4  E.,  2  miles  southeast  of  Moi^ 
ton,  which  is  the  southern  terminus  of  the  Tacoma  Eastern  Railroad. 

Coal  bed. — Edlund.  Tertiary  (Eocene)  age,  Manastash  formation.  Strike,  S.  TC 
E.;  dip  16^  S.,  20^  W.;  roof  and  floor,  sandstone.  The  bed  is  reported  to  be  7  feet 
thick  near  the  surface,^  but  further  in  is  much  faulted  and  thins  to  12  inches. 

The  bed  was  measured  and  sampled  by  A.  J.  Collier  on  August  18, 1911.  The  sam- 
ple was  taken  4  feet  from  the  surface  and  represented  4  feet  of  coal. 

Note. — ^At  the  time  of  sampling  the  prospect  had  been  abandoned  owing  to  faults 
and  thinning  out  of  the  bed. 

Morton.    Pbospecf. 

Sample. — Subbituminous  coal;  analysis  No.  12564  (p.  108). 

£000^%.— Prospect  in  the  SW.  }  sec.  6,  T.  12  N.,  R.  5  £.,  2  miles  east  of  Morton, 
which  is  the  southern  terminus  of  the  Tacoma  Eastern  Railroad. 

Coal  bed. — Not  named.  Tertiary  (Eocene)  age,  Manastash  formation.  Dip  at 
surface  22^  N£.,  increasing  with  depth.  Thickness  reported  to  decrease  from  6  feet 
to  2  feet  with  depth.  Bed  faulted  at  end  of  workings  350  feet  from  mouth  of  the 
tunnel. 

The  bed  was  measured  and  sampled  by  A.  J.  Collier  on  August  24, 1911,  as  described 
below: 

Section  of  coal  bed  in  prospect  2  miles  east  of  Morton. 


Laboratorv  No 

Roof,  sandstoiie. 

Coal 

Bone 

Coal 

Floor,  sandstone. 

Tnickoess  of  bed 

Ttalokness  of  coal  sampled . 


12SM 

Ft.  iM. 

«0     3 

•  0     7 

2      0 

2    10 
2     0 


a  Not  included  in  sample. 

The  sample  was  collected  in  the  drift  20  feet  from  the  mouth. 

Note. — The  prospect  had  been  abandoned  owing  to  faults  and  thickness  of  bed. 

Morton.    Peospbct. 

Sample. — Semianthracite  coal;  analysis  No.  12565  (p.  108). 
Locality. — Prospect  in  sec.  14,  T.  13  N.,  R.  4  E.,  4  miles  north  of  Morton,  which 
IB  the  southern  terminus  of  the  Tacoma  Eastern  Railroad. 
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Cixd  bed. — ^No  name.    Tertiary  (Eocene)  age.    Thickness,  12  to  15  feet. 
The  bed  was  measured  and  sampled  by  A.  J.  Collier  on  August  16, 1911,  as  described 
below: 

Section  of  coal  bed  in  prospect  4  miles  north  of  Morton. 


Laboratory  No. 


Coal  with  thin  sandstoae  partings. 

Coal  and  bone 

Coal 

Thickneasof  bed 

Thickness  of  ooai  sampled 


12505 
Ft.     in. 

a5+  0 
a  2 

6+  0 

14+  0 

6+  0 


a  Not  included  in  sample. 
The  sample  was  collected  in  the  entry,  about  60  feet  from  the  mouth  of  the  entry. 

PIBBCB  COUNTY. 

ASHFORD.      PrOSPBCT. 

Sample, — Semibituminous  coal;  analysis  No.  12581  (p.  108). 

Locality. — Prospect  in  the  NW.  \  sec.  15,  T.  15  N.,  B.  6  E.,  at  Ashford  on  the  Tacoma 
Eastern  Railway. 

Coal   bed. — ^Misqually   Chief.    Tertiary   (Eocene)   age,    Puget  formation.    Roof, 
altered  shale;  thickness,  13  feet  4  inches. 

The  bed  was  measured  and  sampled  by  G.  W.  Evans  on  August  26, 1911,  as  described 
below: 

Section  of  coal  bed  in  prospect  at  Ashford. 


LabofatoryNo 

Roof,  altered  shale. 

Shale,  carbonaoeons 

CoaL 

Sandstone , 

Coal 

Shale 

Coal 

Bone 

Coalanddlrt 

Coal 

Shale 

Coal 

Shale , 

Coal,  siuUy 

Clay,8on 

Floor,  not  stated. 

Thtelmees  of  bed 

Thickness  of  ooal  sampled . 


12581 
Ft.  in. 

oo  6 

0  6 
aO  4 

1  2 
aO  4 

5  3 

0  1 

1  2 

2  0 
aO  2 

0  5 
aO  2 

1  2 
oO  2 

13  4 

11  9 


a  Not  Included  in  sample. 

The  sample  was  collected  in  the  entry  100  feet  from  its  mouth.    It  was  wet  when 
taken. 

Fairfax.    Prospect. 


Sample. — Bituminous  coal;  analysis  No.  12478  (p.  108). 

LooaZify.— Prospect  in  the  SW.  i  sec.  2,  T.  17  N.,  R.  6  E.,  2  miles  south  of  Fairfax, 
which  is  on  a  branch  line  of  the  Northern  Pacific  Railway. 

Coal  bed. — Montezuma.  Tertiary  (Eocene)  age,  Puget  formation.  Roof  and  floor, 
strong  carbonaceous  shale. 
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The  bed  was  measured  and  sampled  by  G.  W.  Evans  on  July  25, 1911,  as  described 

below: 

Section  of  coal  bed  in  a  prospect  t  miles  south  of  Fairfax. 


LaboratQryNo 

Roof,  carbcoaoeous  shato. 

Shale,  soft  brown 

Coal,  soft  impure 

Coal, impure,  varying  in  bardness. 

Coal,«)od 

Floor,  carooDaoeous  shale. 


Thickness  of  bed. 
Thickness  of  coal  sampled . 


1M78 

Fl, 

ill. 

•  0 

10 

aO 

10 

•  3 

11 

4 

0 

9 

7 

4 

0 

a  Not  included  in  sample. 

The  sample  was  collected  from  the  face  of  the  entry,  45  feet  from  the  mouth  of  the 
entry.    It  was  wet  when  taken. 

Fairfax.    Prospect  No.  1. 

Sample. — Bituminous  coal;  analysis  No.  12496  (p.  109). 

Loco^iey.— Prospect  No.  1  in  the  NE.  i  NW.  i  sec.  34,  T.  18  N.,  R.  6  E.,  one-half 

mile  Boudi  of  Fairfax,  which  is  on  a  branch  line  of  the  Northern  Pacific  Railway. 

Coal  bed. — No.  1.    Tertiary  (Eocene)  age,  Puget  formation. 

The  bed  was  measured  and  sampled  by  6.  W.  Evans  on  August  1, 1911,  as  described 

below: 

Sectum  of  coal  bed  in  Prospect  No.  1. 


LabofatonrNo.. 
Roof,  shale. 

Coal,  impure. 

Coal. 


Shale,  8  indies  thick. 
Shale  and  clay,  7  inches  thick. 
Floor,  sandy  shale. 

'Hiickness  of  bed 

Thickness  of  ooal  sampled 


U405 

FL  in. 
1  6 
1     4 


3    10 
2    10 


The  sample  was  collected  in  the  entry,  35  feet  from  its  mouth.    It  was  wet  ^en 

taken. 

Fairfax.    Prospect  No.  2. 

Sample. — Bituminous  coal;  analysis  No.  12495  (p.  109). 

JDoca%.— Prospect  No.  2  in  the  NE.  i  NW.  i  sec.  34,  T.  18  N.,  R.  6  E.,  one-half 

mile  south  of  Fairfax,  which  is  on  a  branch  line  of  the  Northern  Pacific  Railway. 

Coal  bed.— No.  2.    Tertiary  (Eocrene)  age,  Puget  formation. 

The  bed  was  measured  and  sampled  by  G.  W.  Evans  on  August  1, 1911,  as  described 

below: 

Section  of  coal  bed  in  Prospect  No.  2. 


Laboratory  No — 
Roof,  shale. 

Clay,  soft  dark. 

Coal,dirty.... 

Coal 

Coal,  bony 

Bone. 


Floor,  sandy  shale. 
Thfcknessofbed. 


Thickness  of  ooal  sampled. 


IMOS 

Ft. 

m. 

•  0 

4 

2 

0 

0 

11 

•  1 

2 

1 

0 

5 

5 

3 

U 

a  Not  included  in  sample. 

The  sample  collected  was  in  the  entry.  35  feet  from  its  mouth.    It  was  wet  when 
taken. 
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W114KB8ON.    Gale  Cbebk  Mine. 

iSompfc.— Bituminous  coal;  analyaes  Nos.  W31921  to  W31926,  W32104  to  W32108, 
14390,  W32145  to  W32148,  W32158  to  W32161,  and  W32211  to  W32214  (pp.  109, 110). 

Mine. — Gale  Creek,  a  drift  and  slope  mine  at  Wilkeson,  about  30  miles  southeast  of 
Taooma,  on  a  branch  of  the  Northern  Pacific  Railway. 

Coal  bed,— Queen.  Tertiary  (Eocene)  age,  Puget  group.  Average  thickness,  3  feet 
8  inches;  dip,  8**  to  85®  SW.,  with  a  probable  average  of  about  30°.  The  cleat  is 
indistinct  and  there  are  many  faults  and  rolls  throughout  the  bed.  Roof,  '  'draw 
slate' '  5  inches  thick,  above  which  is  a  hard  gray  shale  extending  to  a  cap  rock  30  to 
40  feet  above;  floor,  hard,  smooth,  gray  clay,  shaly  in  places. 

The  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  H.  M.  Wolflin  on 
June  18  and  25, 1912,  and  six  other  samples  were  taken  in  duplicate  from  27  carloads, 
as  described  below: 

Sections  of  coal  bed  in  Gale  Creek  mine. 


Section A 

Laboratory  No {W31921 

~     *    *    '  Ft.  in. 


Roof.  0bale. 

*'Draw  slate" 

Coal 

Bone  (local) 

Coal 

caay-etreaked  ooal  (?) 


Fk)^  shaly  clay. 
ThfcknenRoibed. 


ThjRknww  of  ooal  sampled. 


1 

1 

3 

3 


Hi 


B 
W31923 
W311B4 
Ft.  in. 

"6     i 

I   \ 

aO      4 

1      2 


3 
3 


^1 


C 

W3ig26 

W31926 

Ft.  in. 


2 

aO 

1 


4 


3      9 
3      5i 


} 


D 

W32106 

Ft.  in. 
aO     6 

a  6     i 

1     H 

aO     2 
1      4 

I  1 


E 

W32107 

Ft.  in. 


2  2 
aO  3| 

1  2 

3  74 
3  4 


F 

W32108 

Ft.  in. 
aO     6 


2     1 

•  0    6 

1     8 


4     8 

3     0  • 


a  Not  included  in  sample. 

Section  A  (samples  W31921  and  W31022)  was  measured  at  the  face  of  gangway  1,  ofif 
new  slope. 

Section  B  (samples  W31923  and  W31924)  was  measured  at  breast  16  at  the  face  of 
counter  No.  1  north,  off  new  slope. 

Section  C  (samples  W31925  and  W31926)  was  measured  on  the  pillar  of  breast  10,  off 
north  gangway  1,  off  new  slope. 

Section  D  (sample  W32106)  was  measured  in  the  air  course  of  the  new  slope  at 
No.  1  lift,  below  north  gangway  1. 

Section  E  (sample  W32107)  was  a  pillar  sample,  measured  in  the  first  crosscut,  off 
breast  14,  north  gangway  1,  off  new  slope. 

Section  F  (sample  W32108)  was  a  face  sample,  measured  in  the  crosscut  on  the  new 
slope  opposite  south  gangway  2. 

A  composite  sample  was  made  by  mixing  samples  31921  to  31926,  inclusive,  and 
32106  to  32108,  inclusive.  The  results  of  an  ultimate  analysis  of  this  sample  are 
given  under  laboratory  No.  14390. 

Duplicate  samples  Nos.  W32104  and  W32105  were  taken  from  four  cars  while  being 
loaded  at  the  mine. 

Duplicate  samples  W32145  and  WS2146  were  taken  from  four  cars  while  being  loaded 
at  the  mine. 

Sample  W32147  was  taken  from  four  cars  while  being  loaded  at  the  mine. 

Duplicate  samples  W32158  and  W32159  were  taken  from  four  cars  while  being  loaded 
at  the  mine. 

Duplicate  samples  W32160  and  W32161  were  taken  from  four  cars  while  being  loaded 
at  the  mine. 

Duplicate  samples  W32211  and  W32212  were  taken  from  four  cars  while  being  loaded 
at  the  mine. 

Duplicate  samples  W32213  and  W32214  were  taken  from  three  cars  while  being 
loaded  at  the  mine. 

47664'~Bull.  85—14 23 
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Goal  that  passed  over  the  screens,  constitutiiig  about  15  per  cent  of  the  total, 
dumped  into  the  can,  but  no  special  note  was  made  as  to  which  cars  were  partly  loaded 
with  lump  and  which  were  loaded  with  the  (»al  going  through  the  2i-inch  screen. 
The  screened  coal  passed  through  the  washery  -before  being  loaded.  The  above  car 
samples  were  obtained  by  taking  about  50  pounds  of  coal  from  each  car  as  it  was  being 
loaded.  The  50-pound  lots  from  three  or  four  cars  were  then  combined  and  the  sam- 
ple quartered  down  to  laboratory  size. 

JVbf^.— The  Gale  Creek  mine  was  opened  by  slopes  and  drifts,  and  the  coal  was  mined 
by  the  breast-and-piUar  method.  All  of  the  undercutting  done  was  by  hand;  the 
laiger  part  of  the  coal  was  shot  off  the  solid  with  30  per  cent  dynamite.  In  places  the 
''draw  slate' '  fell  with  the  coal.  The  tipple  was  equipped  with  shaking  screens  5  by 
16  feet  with  2^inch  holes.  None  of  the  coal  was  shipped  as  run-of-mine.  Approxi- 
mately 75  to  85  per  cent  of  the  coal  passed  through  the  screens;  after  having  been 
screened  it  went  to  the  washery.  The  oversize  pafi^ed  on  to  a  picking  belt,  where  it  was 
carefully  hand  picked  prior  to  being  loaded  on  the  car.  The  screenings  were  washed, 
but  only  one  size  was  produced,  although  the  plant  was  equipped  for  yielding  two 
sixes.  There  was  one  loading  track  with  a  capacity  for  12  empty  and  15  loaded 
cars.  The  storage  bins  had  a  capacity  for  about  850  tons.  There  was  320  acres 
of  coal  land  tributary  to  the  various  openings.  The  larger  part  of  the  coal  was 
worked  out  down  to  the  400-foot  level.  One-half  to  three-fourths  of  the  coal  produced 
was  from  advance  workings,  the  remainder  being  obtained  from  robbing  the  piUars. 
The  mine  had  a  daily  production  of  100  tons,  with  a  maTimfim  capacity  of  about  200 
,  tons.  Development  work  was  under  way  and  the  capacity  was  to  be  increased  to  250 
to  300  tons  a  day. 

For  description  and  analyses  of  other  samples  of  coal  from  this  mine  see  Bull. 
22,  Bureau  of  Mines,  1913,  pp.  221,  899. 

WEST  VIRGINLA, 
BBAXTON  COXTHTY. 

Braxton.    Braxton  Minb. 

Sample,— BitvaniaoiiB  coal;  analysis  No.  13556  (p.  110). 

Mine, — ^Braxton;  interior  district;  a  mine  at  Braxton  post  ofl^,  on  Goal  A  Coke 
Railway. 

Coal  bed. — Pittsburg^.  Garboniferous  age;  Monongahela  formation.  lliickneBs,  4 
to  over  7  feet;  average,  nearly  7  feet.  The  roof  is  shale  in  most  parts  of  the  mino,  but 
locally  it  is  sandstone,  in  which  case  the  coal  is  thinner  than  elsewhere.  Bands  of  clay 
from  a  fraction  of  an  inch  to  3  or  4  feet  thick  cut  across  the  bed  in  numerous  places, 
floor,  shale. 

The  sample  was  collected  about  325  feet  southeast  from  the  mouth  of  the  mine  by 
£.  R.  Lloyd,  <m  March  18, 1912.  The  thickness  of  the  bed  where  sampled  was  5  feet  3 
inches,  clear  coal,  all  of  which  was  represented  in  the  sample. 

The  output  of  the  mine  at  the  time  of  sampling  was  about  two  carloads  per  week. 

BKOOKS  OOXTHTY. 

CoLUERs.    Lewis-Ftnley  No.  1  Mine. 

Sample.— BitummouB  coal;  analyses  Nos.  15671,  15672  (p.  111). 

Mine, — ^Lewis-Finley  No.  1;  Wheeling  district;  a  drift  mine,  on  the  Pennsjflvmnia 
Railzoad. 

Coal  bed. — Pittsburgh.  Garboniferous  age;  Monongahela  formation.  The  bed  hjw 
an  avenge  thickness  of  about  4^  feet  and  lies  nearly  flat     Roof,  day  or  bony  ooal. 
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Tbe  bed  was  mMmired  and  sampled  at  two  places  by  D.  D.  Condit  ou  January  6, 
1913,  ae  described  below: 

Sections  of  coal  bed  in  Lewig-Finley  No.  1  Mine. 


Sectioo 

Laboratory  No 

Roof,  day  or  boay  «oal. 

Coal  immeasured. 

caay,  averaging  10  inohes. 

Ooai,  bony 

•   Coal 

Shale 

Coal....  A 

Sbale 

Coal k 

Goal,  bony 

Coal 

Coal,  high  in  "sulphur" 

Floor,  clay. 

TbJclmess  of  bed 

Thickness  of  coal  sampled 


B 
15672 


.Ft.  in. 


2 
«0 
oO 
OO 

1 


3 

1 


oO     3 


4 

4 


8 


«  Not  included  in  samples. 

Section  A  (sample  15671)  waa  measured  in  room  1,  off  butt  entry  6,  o&  the  main  entry. 
Section  B  (sample  15672)  was  measured  in  room  77,  off  entry  10,  side  No.  2, 5,800  feet 
northwest  of  the  mine  mouth.    Cover,  100  feet. 

FAYBTTE  COUNTY. 

Gapsbtok.    Sewell  Mine. 


iSampfo.— Bituminous  coal;  New  River  field;  analyses  Nos.  14344,  14345,  14346, 
14347, 14348,  14349,  and  14350  (p.  111). 

Iftne. — Sewell;  Kanawha-New  River  district;  a  drift  mine  at  Caperton  station,  on 
the  main  line  of  the  Chesapeake  &  Ohio  Railway. 

Coal  bed. — Sewell.  Carboniferous  (Pottsville)  age.  Sewell  formation.  Average 
thickness,  3  feet  8  inches;  dip,  1}  per  cent  northeast.  The  cleat  is  well  marked,  and 
there  are  no  rolls  or  faults  in  this  mine.  The  roof  consists  of  a  smooth  ''draw  slate "  3 
to  9  inches  thick,  above  which  is  a  sandstone  cap.  Floor,  hard,  smooth  shale.  Pieces 
of  the  roof  occasionally  mixed  with  the  coal  when  loading,  but  none  of  the  floor  material 
was  taken  up  with  the  coal.    Cover  at  points  of  sampling,  250  to  400  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  H.  Deike  on 
July  11,  1912,  as  described  below: 

Sections  of  coal  bed  in  Sewell  Mine. 


£ 

14340 
FU    ia. 

0   10 

0 


LaboratorvNo 

So^  sandy  shale. 

Coal,'iray.*.*.*.*.''.*.''.'.l'.'.*.!*. 
Coal 

CoaI,ff»y 

Coal 

MoCberooal 

Coal 

Coal,  bony 

Floor,  day. 

Thickness  of  bed 

Thiokness  of  ooal  sampled 


A 

B 

C 

D 

14344 

14345 

14346 

14348 

FU  In. 

FU   in. 

Ft.  in. 

FU  in. 

0   0 

0   6 

0  11 

0  6 

0   2i 

0   I 

0  3 

0  3 

0   7 

•  «     mm 

8  ft 

0  0 

0   U 

mm             ■  • 

0   I 

1   6 

1  10 

2  0 

1   7 

0  4 

.. 

*  *    ■  ■ 

0 

•  •       «  V 

•  ■     mm 

0  7 

..  .. 

SO   4 

aO  2h 

•  •    ■  • 

4   0 

2   9 

4   2) 

I  11 

4   0 

2   5 

4   0 

0 
Q 
1 
0 
0 
aO 


2 


4      1 
3    U 


o  Not  included  in  sample. 

Section  A  (sample  14344)  was  measured  at  the  £ace  of  a  room  turned  off  at  the  face 
of  the  drainage  entry  (Sugar  Camp  No.  3  workings). 

Section  B  (sample  14345)  was  measured  at  the  face  of  the  last  break-through  in  the 
third  rigjit  air  coune  (Sugar  Camp  No.  1  workingB). 
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Section  C  (sample  14846)  waa  measured  at  the  face  of  the  thirteenth  right  entry, 
5,000  feet  northeast  of  mine  mouth.    (Old  Hill  workiqgB.) 

Section  D  (sample  14348)  was  measured  on  pillar  at  the  last  room  ofif  croes  entry  11 . 
(Old  Hill  workings.) 

Section  E  (dample  14349)  was  measured  on  the  pillar  of  right  entry  2.  (Sugar  Ounp 
No.  2  workings.) 

Two  composite  samples  were  made:  (1)  by  mixing  samples  14344,  14345,  and  14346 
for  an  ultimate  analjrsis,  the  results  of  which  are  given  under  laboratory  No.  14347; 
(2)  by  mixing  samples  14348  and  14349  for  an  ultimate  analysis,  the  results  of  whiqh 
are  given  under  laboratory  No.  14350. 

Notes. — ^The  Sewell  mine  is  opened  by  a  number  of  drift  entries,  and  the  coal  is 
mined  by  the  room>and-pillar  system .  At  the  time  of  sampling  the  coal  was  undercut 
both  by  hand  and  by  electric  chain  machines  and  broken  down  with  FFF  black  powder 
and  permissible  explosives.  All  of  the  coal  was  shipped  as  run-of-mine.  There 
was  a  screening  plant  with  12-foot  bar  screens  spaced  1}  inches  apart.  The  coal  was 
clean  and  needed  no  picking  when  loading.  There  were  2  loading  tracks  with  a 
capacity  for  14  empty  and  20  loaded  cars.  About  50  per  cent  of  the  coal  was  obtained 
from  advance  workings'.  There  was  approximately  300  acres  of  unmined  coal  trib- 
utary to  the  various  entries.  The  output  of  the  mine  was  300  tons  a  day,  with  a  maxi- 
mum day's  run  of  550  days. 

DuNLOOP.    Dunn  Loop  No.  2  Minb. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nob.  14383,  14384, 
14385, 14386, 14387,  14388,  and  14389  (p.  HI). 

Mine. — ^Dunn  Loop  No.  2;  Kanawha-New  River  district;  at  Dunloop,  with  lailroad 
connections  to  the  Chesapeake  &  Ohio  Railway.  Another  road  is  under  construction, 
the  Glen  Jean  &  Eastern,  which  will  connect  with  the  Virginian  Railway.  This  will 
give  an  additional  outlet  for  coal  shipments. 

Coal  bed. — Sewell,  Carboniferous  (Pottsville)  age,  Sewell  formation.  Average 
thickness,  5  feet  6  inches;  dip,  1}°  northwest.  Roof,  ''draw  slate"  4  to  6  inches 
thick,  above  which  is  a  stratum  of  soft  gray  shale.  There  is  a  sandstone  cap  rock  20 
feet  above  the  coal.  Floor,  smooth,  hard  fire  clay,  and  shale.  Cover  at  points  of 
sampling,  75  to  200  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  J.  J.  Rutledge  on 
July  10,  1912,  as  described  below: 

Sections  of  coal  bed  in  Dunn  Loop  No.  2  mine. 


Section 

Laboratory  No. 
Roof,  abate. 

Coal 

Oaimelcoal. 

Goal 

Shate 

Coal. 


Floor,  fire  clay,  sbale. 
Thidmefis  of  bed 


Thickiiess  of  sampled. 


A 

B 

C 

D 

14383 

14884 

14386 

14387 

Ft.    ftl. 

Ft.   in. 

J^.  in. 

Ft.   in. 

3  9 

2   7 

3  6 

l^ 

0  k 

0  S 

0  3 

2  11 

3  9 

3  11 

3  V 

•  •    •  • 

•  •    •  • 

•  *    ■  • 

aO  1 

•  »    •  ■ 

..  .. 

•  «    «  • 

0  7 

t  it 

5   7 

5  8 

5  3 

5   7 

5  8 

5  1 

E 


Ft.  te. 

9  • 

0  3 

8  10 


6 
6 


10 
10 


a  Not  Induded  In  sample. 


Section  A  (sample  14383)  was  measured  at  the  last  break-through,  to  the  right  on 
the  fifth  main  entry,  500  feet  northeast  of  the  mouth  of  the  fifth  main  entry. 

Section  B  (sample  14384)  was  measured  at  the  face  of  room  20,  off  right  entry  4,  off 
the  fourth  main  entry  1,600  feet  southeast  of  the  mouth  of  the  fourth  main  entry. 

Section  C  (sample  14385)  was  measured  at  the  lace  of  room  2,  off  the  first  left  air 
course  off  the  sixUi  main  entry,  1,200  feet  east  of  the  mouth  of  the  sixth  main  entry. 
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Section  D  (sample  14387)  was  measured  at  the  face  of  room  5,  of!  the  air  course  of 
the  third  main  entry,  500  feet  southeast  of  the  mouth  of  the  third  main  entry. 

Section  £  (sample  14888)  was  measured  on  pillar  17  on  the  sixth  main  entry,  1,040 
feet  southeast  of  ^e  mouth  of  the  sixth  main  entry. 

Two  composite  samples  were  made:  (1)  by  mixing  samples  14383, 14384,  and  14385 
for  an  ultimate  analysis,  the  results  of  which  are  shown  under  laboratory  No.  14386; 
(2)  by  mixing  samples  14387  and  14388  for  an  ultimate  analysis,  the  results  of  which 
are  ahown  under  laboratory  No.  14389. 

NoUi. — The  Dunn  Loop  No.  2  mine  is  opened  by  six  drift  entries,  and  the  coal  from 
these  various  openings  all  goes  to  the  same  tipple.  The  coal  is  mined  by  the  room- 
and-pillar  system.  At  the  time  the  mine  was  visited  the  coal  was  uhdercut  by  hand 
and  shot  down  with  FFF  black  blasting  powder  and  permiaeible  explosives.  Thirty 
per  cent  dynamite  was  used  for  brushing  the  roof.  The  tipple  was  equipped  with 
shaking  screens  with  openings  5^  by  3^  inches  and  2^  by  1^  inches  in  size.  Pickers 
were  employed  for  picking  the  coal  on  a  traveling  belt.  The  daily  production  of 
the  mine  was  1,000  tons.  The  coal  had  a  good  appearance  on  the  cars,  the  lumps  being 
large  but  slightly  broken  by  the  loading  system.  There  were  3  loading  tracks, 
with  a  capacity  for  29  empty  and  32  loaded  cars.  AU  of  the  coal  was  shipped  as  run- 
of-mine.  About  50  per  cent  of  the  coal  was  obtained  from  new  workings  and  the 
remainder  from  the  older  parts  of  the  mine. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  915-916. 

Elvebton.    Elvbbton  Mink. 

iSompfe.— Semibituminouacoal;  New Kiver field;  analyses Nos.  14338, 14339, 14340, 
14341, 14342,  and  14343  (p.  112). 

Mme. — Elverton;  Kanawha-New  Biver  district;  a  drift  mine,  i  miile  west  of 
Elverton  station  on  the  main  line  of  the  Chesapeake  &  Ohio  Bailway. 

Coal  bed. — Oarboniferous  (PottBville)  age.  Sewell  formation.  Average  thickness, 
4  feet;  dip  1)  per  cent  northwest.  Roof,  heavy  smooth  shale  above  which  there  is  a 
sandstone  cap  rock.  The  coal  is  practically  free  from  regular  partings  or  impurities. 
The  floor  consists  of  about  4  inches  of  bony  coal,  below  which  is  a  hard  smooth  shale. 
Cover,  at  points  where  the  samples  were  taken,  ranges  from  100  to  400  feet. 

The  coal  bed  was  measured  and  sampled  ^t  four  points  in  the  mine  by  G.  H.  Deike, 
July  10,  1912,  as  described  below: 

8€cHonB  of  coal  hid  in  Elvertxm  mine. 


8eetkm 

LaiMntogry  No 

Roof,  shale. 

goal,  gray 

Coal 

Goal,  gray 

Coal 

CoaLgray 

Mo&erooal 

Coal 

Mother  coal 

Coal 

"Salphur^band 

Coal 

Mother  coal 

Coal 

Floor,  bone  and  shale. 

ThJoknaMOfbed 

Thickness  of  coal  sampled 


1 

A 

14338 

Ft.  in. 

B 

14339 

Ft.  in. 

»  ■    ■  « 

0   9 
0   1 
0   7 
0   2 

0  io 

0   U 
0   7] 
0   1 

•  ■    ■  • 

1   4 

0   7 

•  ■     mm 
mm             mm 

0   5] 

0  "k 
0   6 
0   i 

0   5 

3   4} 
3   4} 

3   » 
3   2} 

D 

14342 

Ft.  in. 

0  m 

0  Ij 

0  10 

0  1 

«  •  •  ■ 

1  0 
0      i 


0  11 
0  2 
0     7 


Section  A  (sample  14338)  was  measured  at  the  face  of  the  old  Bayne  entry,  3,900 
feet  southwest  of  No.  2  entrance. 
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Section  B  (sample  14330)  was  messiired  at  the  corner  of  the  break-throa^,  10  feet 
from  the  face  of  the  main  entry,  3,900  feet  southwest  of  No.  2  entrance. 

Section  G  (sample  14341)  was  measured  on  pillar  of  room  2,  left  entry  1  off  left  entry 
6, 3,100  feet  south  of  No.  2  entrance. 

Section  D  (aunple  14342)  was  measured  on  the  pillar  of  nxmi  3,  ri^t  entry  5,  3  JOO 
feet  southwest  of  No.  2  entrance. 

Two  composite  samples  were  made:  (1)  by  mixing  samples  14333  and  14330  for  an 
ultimate  analysis,  the  results  of  which  are  shown  under  laboratory  No.  14340;  (2)  by 
mixing  samples  14341  and  14342  for  an  ultimate  anal3rBis,  the  results  of  which  ars 
shown  under  laboratory  No.  14343. 

Notet. — ^The  Elverton  mine  is  opened  by  a  drift  entry  and  the  coal  mined  by  the 
room-and-piUar  system.  At  the  time  of  sampling  the  coal  was  undercut  both  by  hand 
and  by  electric  diain  machines  and  broken  with  FFF  black  powder.  Dynamite  was 
used  for  brushing  the  roof.  The  tipple  was  equipped  with  shaking  screens  5  by  12 
feet  with  openings  5  inches  in  diameter  and  also  another  set  of  screens  5  by  12  feet 
with  openings  li  inches  in  diameter.  About  50  per  cent  of  the  coal  passed  thiougfa 
the  first  set  of  screens.  None  of  the  coal  was  shipped  as  run-of-mine.  Picken 
were  employed  on  the  cars  when  loading  coal.  The  screenings  were  used  for  making 
coke.  'Die  coal  was  very  clean,  the  lumps  laige,  and  presented  a  good  appeaiaace  on 
the  cars.  There  were  3  loading  tracks  with  a  capacity  for  30  empty  and  40  loaded  cars. 
There  were  also  storage  bins  with  a  capacity  for  400  tons  of  coal.  There  was  about 
700  acres  of  coal  tributary  to  this  mine.  About  one-half  of  the  coal  was  derived  from 
advance  workings  and  the  remainder  from  piUars.  The  production  of  the  mine  waa 
250  tons  a  day  with  a  maximum  day's  run  of  650  tons. 

Hawkb  Nbst.    Mnx  Orbbk  Mnm. 

iSompZ^.— Semibitiuninouscoal;  New  River  field;  analyses  Nos.  14358, 14359, 14360, 
14361,  and  14362  (p.  112). 

ifin€.—Mill  Creek;  Kanawha-New  River  district;  a  drift  mine  about  one-half 
mile  north  of  Hawks  Nest  station  on  the  main  line  of  the  Chesapeake  &  Ohio  Railway. 

Coal  &e<f.— Sewell.  Carboniferous  (Pottsville)  age,  Sewell  formation.  Average 
thickness,  3  feet.  The  bed  is  practically  horizontal.  Roof,  heavy  shale  and  bony 
coal  6  to  18  inches  thick,  above  which  is  a  sandstone  cap  rock.  Floor,  hard  smooth 
bony  coal.  Material  from  the  roof  and  floor  did  not  become  mixed  with  the  coal 
when  mining.  Cover,  at  the  points  where  the  samples  were  taken,  approximately 
600  feet. 

The  coal  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  H.  I.  Smith 
and  G.  H.  Deike,  July  12, 1912,  as  described  below: 

Sections  of  coal  bed  in,  MiU  Creek  mine. 


SectkHi 

laboratory  No 

Boof.  shale  and  bony  ooal. 

Gannelooal 

CotiX 

Ooal*ifayr.!"*.;!".r.*.l!*.*. 

Coal 

"Sulphur" 

Ooal,  gray 

Coal 

Bone 

Floor,  bony  coal. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


A 

B 

C 

14358 

14359 

143e0 

Ft.    in. 

Ft.   in. 

FL    in. 

•  •             •  • 

0    i 

1      8 

1    1 

6    9 

0  ^ 

•  •        *  • 

•  •        •  • 

0    11 

•  «        •  • 

•  •        •  • 

streak. 

Streak. 

mm            mm 

■  •           •  « 

0  at 

0   2 

n 

1    8 

•  •        •  • 

1  dk 

3     Is 

3    0 
3    0 

lit 

D 
14»l 
FL    in. 

i    ii 

•  2 
0    8 

•  i 

•  •       •  • 

•  8 


2    8 

2    8 


Section  A  (sample  14358)  was  measured  at  the  face  of  left  entry  1  at  room  49. 
Section  B  (sample  14369)  was  measured  at  the  face  of  left  entry  2  at  the  neck  of 
room  29. 
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Section  C  (sample  14360)  waa  maaaufed  at  the  &ce  of  the  third  left  air  course. 

Section  D  (sample  14361)  was  measured  at  the  face  of  right  entry  6. 

A  composite  sample  was  made  by  mixing  samples  14358,  14359,  14360,  and  14361 
for  an  ultimate  analysis,  the  results  of  which  are  shown  under  laboratory  No.  14362. 

Notes. — ^The  Mill  Creek  mine  was  opened  by  drift  entries  and  the  coal  mined  by  the 
room-and-pillar  system .  At  the  time  of  sampling  the  coal  was  undercut  by  compressed- 
air  punchers  and  broken  down  with  a  permissible  explosive,  which  was  also  used  for 
brushing  the  roof.  None  of  the  coal  was  shipped  as  run-of-mine.  The  screening 
plant  consisted  of  bar  screens  4}  by  12  feet  with  3-inch  spaces,  through  which  about  50 
per  cent  of  the  coal  passed.  The  coal  was  clean  and  the  lumps  were  laige  and  pre- 
sented a  good  appearance  when  loaded  on  the  cars.  There  were  two  loading  trada 
with  a  capacity  for  12  empty  and  12  loaded  cars.  About  two-thirds  of  the  coal  was 
obtained  from  advance  work  and  the  remainder  from  pillars.  The  daily  output  was 
250  tons  with  a  maximum  day's  run  of  400  tons. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  924-925. 

Kay  Moor.  Kay  Moor  No.  1  and  No.  2  Mines. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nos.  14294, 14295, 14296, 
14297,  14296,  14299, 14401, 14402,  14403,  and  14404  (p.  113). 

Mine. — Kay  Moor  No.  1  and  No.  2,  Kanawha-New  River  district;  three-fourths  mile 
south  of  Kay  Moor,  on  the  south  side  of  New  River  with  railway  connections  to  the  Chesa- 
peake A  Ohio  Railway.  No.  2  mine  is  also  on  the  south  side  of  the  river  with  railway 
connections  to  the  Chesapeake  &  Ohio  Railway  at  South  Fayette. 

Coal  5«f.^-Carboniferous  (Pottsville)  age,  Sewell  formation.  Average  thickness 
about  3  feet  6  inches;  slight  dip  to  the  west.  Roof,  smooth  sandstone  18  inches  thick; 
floor,  rough,  hard  clay.  Material  from  the  floor  or  roof  did  not  become  mixed  with 
the  coal  in  mining. 

The  coal  bed  was  measured  and  sampled  at  five  points  in  No.  1  mine  and  at  three 
points  in  No.  2  mine  by  H.  I.  Smith  on  July  10  and  11, 1912,  as  described  below: 

Sections  of  coal  bed  in  Koff  Moor  No.  1  mine. 


Section 

Laboratory  No 

Roof.sbalew 

Caimelooal 

Coal.7 

Cool,  gray 

Coal. 

<'8ulpbur"band 

Coal 

CoaLbony 

Floor,  clay. 

TnirrnwM  of  bod 

Tbickness  of  coal  sampled 


A 

B 

C 

D 

143M 

14206 

14398 

14307 

Ft.    iff. 

Ft.    <n. 

Ft.    in. 

Ft.   in. 

w    •                    •    * 

. 

0    S 

•  m             •    • 

0    11 

0    lU 
0      7! 

0  a 

0    11 

0      4} 

0    7 

0     8 

I      1 

1      6 

1    H 

0    10 

Streak. 

0      1 

Streak. 

°o  4 

1     3 

0     8 

0   8 

0     1 

0     1* 

0   1 

0     1 

3  si 

3    101 
3    10| 

\^ 

8     3 
3     3 

E 
14S0 

Ft»  In, 

•  *       •  • 

0     0 

0  7 

1  2 
Streak. 

0     0 
0     1 

8     4 
3     4 


Section  A  (sample  14294)  was  measured  at  the  face  of  room  1,  left  entry  3,  off  main 
entry  3,  at  4,700  feet  south  of  the  mine  mouth. 

Section  B  (sample  14295)  was  measured  at  the  face  of  right  entry  1},  off  left  entry  1, 
off  Buffalo  entry,  3,300  feet  southeast  of  the  mine  mouth. 

Section  C  (sample  14296)  was  measured  at  the  face  of  left  entry  1,  off  right  entry  9, 
at  3,300  feet  west  of  the  mine  mouth. 

Section  D  (sample  14297)  was  measured  at  the  face  of  west  entry  11 ,  3,600  feet  south- 
west of  the  mine  mouth. 

Section  E  (sample  14299)  was  measured  on  the  pillar  between  rooms  3  and  4,  off 
rig^it  entry  1,  off  main  entry  7. 
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A  compoflita  sample  was  made  by  mixing  samples  14294, 14295, 14296,  and  14297. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  14298. 

Sections  of  coal  bed  in  Kay  Moor  No.  2  mine,  south  of  Kay  Moor. 


Section 

Lftboratory  No 

Roof,  shale. 

Coal 

Coal,  gray 

Coal 

"Salphar"  band 

Coal 

Coal,  bony 

Floor,  shale. 

Thiokness  of  bed 

Thiokness  of  coal  sampled 


A 

B 

14401 

14402 

Ft.    in. 

Ft.    in. 

3    0 

0    9 

0    3 

1  10 

0    IJ 

3    0 

2  lU 
2  1li 

3    0 

c 

14408 
Ft.    in. 
0    9i 

0  3 

1  3 
fttnak. 

0    9 
0    1 

I   I 


Section  A  (sample  14401)  was  measured  at  the  face  of  left  entry  3,  off  the  main  entry. 

Section  B  (sample  14402)  was  measured  at  the  face  of  room  9,  off  left  entry  2. 

Section  C  (sample  14403)  was  measured  at  the  face  of  room  9,  off  left  entry  1,  at  150 
feet  from  the  entry. 

A  composite  sample  was  made  by  mixing  samples  14401,  14402,  and  14403,  for  an 
ultimate  analysis,  the  results  of  which  are  shown  under  laboratory  No.  14404. 

Notes. — Kay  Moor  No.  1  and  No.  2  mines  are  opened  by  slope  and  the  coal  is  mined  by 
the  room-and-pillar  system.  At  the  time  the  mines  were  visited  the  coal  was  undercut 
by  air  punchers  and  electric  chain  cutters  and  broken  down  with  FFFF  black  blast- 
ing powder.  None  of  the  coal  was  shipped  as  run-of-mine.  The  screening  plant  had 
bar  screens  spaced  4  inches  apart  through  which  about  66  per  cent  of  the  coal  passed, 
and  also  smaller  bar  screens  with  spaces  1}  inches  wide  which  produced  an  egg  coal. 
There  were  three  loading  tracks  with  a  capacity  for  16  empty  and  16  loaded  cars. 
There  were  storage  bins  with  a  capacity  for  400  tons  of  screened  coal  and  600  tons  ol 
screenings.  The  screenings  were  not  washed  but  were  sent  to  the  coking  plant. 
About  10,000  acres  of  coal  land  was  owned  by  the  company,  of  which  about  500  acree 
had  been  worked.  The  daily  output  of  No.  1  mine  was  550  tons,  with  a  maximum 
day's  run  of  750  tons.  The  output  of  this  mine  wiU  probably  be  increased  to  about 
850  tons  in  the  near  future.    Daily  output  of  No.  2  mine,  about  90  tons. 

South  Nuttal.    Brown  Mine. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nos.  10618, 10619, 10020, 
10621,  10622,  and  10623  (p.  113). 

Mine. — ^Brown;  Kanawha-New  River  district;  a  drift  mine  at  South  Nuttal  on  the 
Chesapeake  A  Ohio  Railway. 

Coal  bed. — Sewell.  Carboniferous  (Pottsville)  age,  Sewell  formation.  Thickness, 
3  to  4  feet;  dip,  3°  west;  small  faults;  roof,  blue  shale  6  feet  thick,  strong  and  smooth; 
floor,  hard  smooth  clay;  cover  120  to  350  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  J.  J.  RuUedge  on 
June  22,  1910,  as  described  below: 

Sections  of  coal  bed  in  Brown  mine. 


Sectkm 

Laboratory  No 

Roof,  shale. 

Coal 

Coal,  hard 

Coal 

Coal,  bony 

Fkwr.clay.  ■ 

Thiclmess  of  bed 

Thkikness  of  coal  sampled ^ 


A 

•       B 

C 

10618 

10619 

10620 

Ft.   in. 

Ft.    in. 

Ft.   in. 

Sft 

S'l 

0    10 
0     1 

2    0 

2    11 

2     0 

aO    8 

•   m             •   • 

*  •         •  * 

3    6 

3      91 
3      9| 

3     5 

2  10 

3     5 

D 

10821 

Ft.   in. 

0    10 

2    4 


3     6 
3     6 


10622 
Ft.    in. 

..     10 
..      1 
2      04 


3 
3 


a  Not  included  In  sample. 
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Section  A  (sample  10618)  was  measured  at  the  face  of  room  2  oi¥  Hill  entry. 

Section  B  (sample  10619)  was  measured  on  rib  of  Lockett  heading,  between  rooms 
1  and  2,  about  2,000  feet  from  mouth  of  entry. 

Section  G  (sample  10620)  was  measured  at  the  neck  of  room  1  off  right  entry  6  off 
Wheeler  entry. 

Section  D  (sample  10621)  was  measured  at  the  neck  of  room  4  off  left  entry  2  off 
entry  18. 

Section  E  (sample  10622)  was  measured  on  the  left  rib  near  the  face  of  entry  18. 

A  composite  sample  was  made  by  mixing  samples  10618  tx>  10622,  inclusive;  the 
results  of  an  ultimate  anal3rBis  of  this  sample  are  given  under  laboratory  No.  10623. 

Notes. — The  coal  is  mined  by  the  room-and-pillar  and  modified  panel  system;  at 
the  time  of  sampling  FFF  black  blasting  powder  was  used  for  breaking  down  the  coal 
after  undercutting  with  electric  chain  cutters.  The  coal  was  screened  on  IJ-inch  bar 
screens,  and  marketed  as  lump  and  screenings;  pickers  were  employed  on  the  cars 
when  loading;  there  were  two  loading  tracks  with  capacity  for  about  20  cars.  Output 
650  tons  per  day. 

Thatbr.    Efhraims  Cbeek  (Buffalo)  Minb. 

Sample. — Semibituminous  coal;  New  River  field;  analysis  No.  10629  (p.  114). 

Mine. — ^Ephraims  Creek  (Buffalo);  Kanawha-New  River  district;  a  drift  mine  at 
Thayer,  on  the  Chesapeake  d  Ohio  Railway. 

Coal  bed. — Fire  Creek.  Carboniferous  age,  Pottsville  formation.  Average  thick- 
nesB,  42  inches;  dip,  3^  west;  roof,  strong  dark  gray  shale  about  4  feet  thick;  floor, 
hard  smooth  gray  shale;  coal  bed  contains  some  cannel  coal. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  J.  Rutledge,  on 
June  20, 1910,  as  described  below: 

Section  of  coal  bed  in  Ephraxms  Creek  {Buffalo)  mine. 


Ssctlco. 

lAbocatory  No 

Roof,  shale. 

d«] 

OmiM^j  coal 

Coal 

Floor,  clay. 

Thiekness  of  bed 

Thickness  of  ooal  sampled , 


A 

loeag 

1 

Ft. 

<n. 

1 

1 

0 

5 

a 

0 

3 

0 

3 

6 

This  section  (sample  10629)  waa  measured  at  the  face  of  room  5  off  right  entry  5  off 
the  Slater  entry. 

Notes. — The  mine  is  worked  by  the  room-and-pillar  system.  At  the  time  of  sampling 
FFF  black  powder  was  used  for  breaking  coal  after  undercutting  with  electric  chain 
cutters.  The  coal  was  screened  over  If-inch  bar  screens,  and  the  screenings  were 
passed  over  a  }-inch  screen.  Pickers  were  employed  on  the  car  when  loading;  the 
capacity  of  the  storage  bins  was  200  tons.  There  were  two  loading  tracks.  Practi- 
cally all  of  the  coal  produced  was  from  advanced  workings.    Daily  output,  1,100  tons. 

GBBBNBBIBB  COTJNTT. 

RicHwooD.    Spruce  Knob  Minb. 

Sample. — Bituminous  coal;  analysis  No.  13547  (p.  114). 

Mine. — Spruce    Knob;  Interior  district  on  north  fork  of  Cherry  River,  9  milea 
southeast  of  Richwood,  on  a  lumber  road. 
Coal  bed. — Sewell  (?).    Carboniferous  age,  PottsvUle  formation. 
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The  bed  waa  meftsured  and  sampled  in  a  room  1,500  feet  Bouthwest  of  the  mine 
moutl\»  on  March  15,  1912,  by  E.  R.  Uoyd.    The  section  of  the  bed  at  the  point  of 

sampling  wafi  as  follows: 

Section  of  coal  bed  in  Spnioe  Knob  mine. 


Laboratory  No 

Roof,  shale. 

Coal,  bony 

Coal,  eood,  soft. 

Floor,  snaie. 

Thickness  of  bad 

Thickness  of  eoal  sampled 


13M7 
Fir.  *n. 
•  0     9 
4      I 

4-10 
4      1 


At  the  time  of  sampling  the 


a  Not  included  In  sample. 

Notes. — ^The  average  thickness  of  the  bed  is  4  feet, 
average  daily  output  of  the  mine  was  about  150  tons. 

MoDOWELL  COXTNTT. 
Algoma.    Pinbt  Minb. 

Sample. — 8emibituminouscoal;  Pocahontas  field;  analyses  Nos.  14154, 14155, 1^156» 
14157,  14158,  14159,  14160,  14161,  and  14162  (pp.  114, 115). 

Mine. — Piney ;  Norfolk  &  Western  district;  a  drift  mine  about  1  mile  east  of  Algoma, 
with  railroad  connections  to  the  Norfolk  A  Western  Railway  at  Noitfafork. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  (Pottsville)  age,  Pocahontas  formation. 
Average  thickness,  5  feet  3  inches;  roof,  18  inches  of  ''draw  slate,"  above  which  is  6 
inches  of  black  shale  with  a  sandstone  cap  rock.  Floor,  smooth  hard  shale.  Material 
from  the  floor  did  not  become  mixed  with  the  coal  in  mining,  but  occasionally  some 
of  the  roof  material  fell  with  the  coal. 

The  bed  waa  measured  and  sampled  at  seven  points  in  the  mine  by  G.  H.  Deike, 
D.J.  Price,  and  E.  B.  Sutton,  June  22, 1912,  aa  described  below  : 

Sections  of  coal  bed  in  Piney  mine. 


Section 

A 

14154 
Ft.  in. 
0   M 
0    2} 
0    7 
aO    3 

4  3 

6    1 

5  10 

B 

14156 
Ft.  in. 
1    6| 

8     7 

5  3 

6  1* 

C 

14156 
Ft.  in. 
1      7 

•  *         •  • 

ab      8 
3      6 

5      6 
h     8 

D 
14158 
Ft.  in. 

2  6 

•  •        •  • 

ab      8 

3  10 

6      7 
6     4 

E 
14150 
Ft,  in, 

I      7 

•  •         ■  • 

a'o    *3 
8      6 

5      6 
5     3 

F 
14160 
Ft.  in. 

2  2 

■  •         •  « 
•  •         •  ■ 

aO    34 

3  10| 

6    4 

0      k 

Q 

LaboratCHTv  No 

14101 

Roof,  shale  and  sandstone. 
Coal 

Ft.    in. 
2      6 

Coal.  Cray 

vinaa,  ^k  mj  .................. 

Coal . .  -  ■    -  - 

Bone 

oQ      3 

Coal 

3    ID 

Floor,  shale. 

Tnickneas  of  bed 

6      7 

Thiokneas  of  ooal  sampled . . 

e    4 

a  Not  included  in  sample. 

Section  A  (sample  14154)  was  measured  at  the  face  of  the  main  entry. 

Section  B  (sample  14155)  was  measured  at  the  face  of  room  14  off  cross  entry  10. 

Section  C  (sample  14156)  waa  measured  at  the  face  of  room  30  off  cross  entry  8. 

Section  D  (sample  14158)  was  measured  on  the  pillar  of  room  15  off  cross  entry  5. 

Section  £  (sample  14159)  was  measured  on  the  rib  of  room  33  off  cross  entry  7. 

Section  F  (sample  14160)  waa  measured  on  the  pillar  of  room  15  off  cross  entry  6. 

Section  G  (sample  14161)  was  measured  on  the  pillar  of  room  8  off  cross  entry  3. 

A  composite  sample  was  made  by  mixing  face  samples  14154,  14155,  and  14156. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14157. 
Another  composite  sample  was  made  by  mixing  pillar  samples  14158  to  14161, 
inclusive.  The  results  of  an  ultimate  anal3r8is  of  this  sample  are  gi  ven  under  laboratory 
No.  14162. 


WEST  vibqinia:  m'dowell  county. 
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N6t€8, — The  Piney  mine  is  opened  by  drift  entries  and  the  coal  mined  by  the  room- 
and-pillar  syBtem.  At  the  time  the  mine  was  visited  the  coal  was  undercut  by  hand; 
FFF  black  powder  was  used  for  breaking  the  coal  and  a  permissible  explosive  for  brush- 
iog  the  roof.  The  screening  plant  was  equipped  with  bar  screens,  14  feet  long,  3-inch 
spaces;  also  diaking  screens  5  by  10  feet,  with  i  and  i-inch  openings.  About  66  per 
cent  of  the  coal  passed  through  the  first  screen.  Pickers  were  employed  on  the  car 
when  loading  coal.  About  100  tons  of  screenini^  vf&e  coked  per  day.  Daily  output 
of  mine,  1,000  tons.  There  were  two  loading  tracks,  with  a  capacity  for  66  empty  and 
44  loaded  cars.  There  were  storage  bins  with  a  capacity  for  800  tons.  The  coal  was 
obtained  from  both  advance  and  pillar  work,  and  there  was  an  ample  acreage  of  coal 
for  many  years  mining. 

For  analyses  and  descriptions  of  other  sunples  of  coal  from  this  mine,  see  Bull.  22, 
Bureau  of  Mines,  1913,  p.  966. 

Bio  Four.    Cisrus  No.  2  Minb. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14218,  14219, 
14220,  14221,  14222,  and  14223  (p.  115). 

Mine. — Cirrus  No.  2,  Norfolk  &  Western  district;  a  slope  mine,  at  Big  Four  post 
office,  on  the  Norfolk  &  Western  Railway. 

Coal  bed. — Pocahontas  No.  3  and  Pocahontas  No.  4.    Carboniferous  (Pottsville)  age 
Pocahontas  formation.    Average  thickness  5  feet  5  inches;  slight  dip  to  south.    The 
roof  is  a  shale  3  to  4  feet  thick,  above  which  is  a  sandstone  cap  rock.    The  floor  is  a 
hard,  rough  fire  clay.    Material  from  the  roof  and  floor  did  not  become  mixed  with  the 
coal  in  mining.    Cover,  at  points  of  sampling,  about  400  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  J.  J.  Rut- 
ledge  and  D.J.  Price,  on  June  29,  1912,  as  described  below: 

Seeti4m8  of  coal  heds  in  CimL8  No.  2  mine. 


No.  3  bed. 

No.  4  bed. 

SMtkm 

A 

14218 
Ft.  in. 
1    74 

•  •         •  ■ 

3    5 

6    7 

6     k 

B 
14S19 
Ft.  in. 

2     h 

aO    3 

mm             •  • 
•  •             •   • 

S    2 

C 
14220 
Ft.  in. 

aO    4 

'3    7* 

6    8 

6    2i 

D 
14221 
Ft.  in. 

1    9 
aO    5^ 

•  •         •  • 

mm             •  • 

3  0 

6    2J 

4  9 

E 

lAboratrOiy  No  . .       . 

14228 

Roof,  shale. 

OobI 

Ft.  in. 
1   H 
oO   3 

Onl,  booy 

SSi. ...:.::::;::::::::::::::::::::::::::::::::: 

1    1 

Goal,  bony 

oO    2 

Coal. 

1    5 

Floor,  lire  clay. 

Thi^ktMMR  ^n>4^ 

r4 

TbifikTiflRdofcoalitainplfid            .  .    . 

<s  Not  included  In  sample. 

Section  A  (sample  14218)  was  measured  at  the  break-through  near  the  face  of  the 
main  heading,  2,850  feet  south  of  the  slope  mouth. 

Section  B  (sample  14219)  was  measured  about  30  feet  from  the  face  of  the  sixth  south 
entry,  1,500  feet  southwest  of  the  slope  mouth. 

Section  G  (sample  14220)  was  measured  at  the  face  of  room  4,  off  the  third  south 
heading,  2,850  feet  south  of  the  slope  mouth. 

Section  D  (sample  14221)  was  measured  at  the  face  of  the  sixth  east  heading,  2,100 
feet  south  of  the  dope  mouth. 

Section  B  (sample  14223)  was  measured  at  the  face  of  the  second  north  entry,  250 
feet  northwest  of  the  slope  mouth.  This  sample  was  taken  in  Pocahontas  No.  4  bed, 
which  is  4  feet  7(  inches  thick. 

A  composite  sample  was  made  by  mixing  face  samples  14218  to  14221,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14222. 
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Notes. — ^The  mine  is  opened  by  a  slope  and  the  coal  mined  by  the  room-and-pillar 
system^  At  the  time  of  sampling  the  coal  was  undercut  by  electric  punchers  and 
broken  down  with  FFF  black  powder.  There  was  no  screening  plant,  all  of  the  coal 
being  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars  in  loading. 
There  were  two  loading  tracks  with  a  capacity  for  11  empty  cars  and  21  loaded  can 
for  pit  No.  3  and  9  empty  cars  and  7  loaded  can  for  pit  No.  4.  There  was  approxi- 
mately 600  acres  of  unmined  coal  tributary  to  this  slope.  All  of  the  coal  mined  was 
from  advance  workings.    The  daily  output  was  about  400  tons. 

HuoBR.    Middle  States  Mine. 


Sample, — Semibituminous  coal;  Pocahontas  field;  analyses  Nor.  14416,  14417, 
14418,  14419,  14421,  14422,  and  14423  (p.  115). 

M%7U. — Middle  States;  Norfolk  &  Western  district;  a  shaft  mine  at  Huger  station 
(Olmsted  poet  office)  2  miles  from  Welch,  on  the  main  line  of  the  Norfolk  &  Western 
Railway. 

Coal  bed. — Pocahontas  No.  4.  Carboniferous  age,  PottBville  formation.  Average 
thickness  about  5  feet.    Roof,  sandstone;  floor,  shale. 

The  bed  was  measured  and  sampled  at  seven  points  in  the  mine  by  E.  B.  Sutton 
and  H.  I.  Smith,  June  27, 1912,  as  described  below: 

Sections  of  coal  bed  in  Middle  States  (Helena)  mine. 


Section 

Laborstorr  No 

Roof,  sandstone. 

Goal 

Bone 

Coal 

Bone 

Coal 

Bone 

Coal 

Coal,  bony 

Coal 

Floor;  shale. 

Thickness  of  bed 

Thlokneas  of  coal  sampled. 


A 

14416 

Ft.   In. 

0  4} 
aO      1 

1  11 
aO      1 

1      8* 
aQ      1 

*6    1*6} 


B 

14417 
FU    in. 
0      U 


aO 
1 

1 


1 

11§ 

1 
10 


aO      3 

"i   *i 


6      5 
6      0 


c 

D 

E 

14418 

14419 

14421 

Ft.    in. 

Ft.   in. 

Ft.    in. 

0     4J 
aO      1 

i'1 

0     4i 
aO      li 

1     10} 

2     0 

1      8 

aO      1 

oO        i 

0      h 

2      1 

0      5 

i      4 

aO      2} 

oO      1 

•  •         • 

•  ■          •  • 

•  «         ■  « 

0      2 

1      1 

1      1 

0    11 

F 
14422 

Ft.   in. 

0 
«0 

0 

0 

1 
aO 


O 

1442S 

Ft.    in. 


[\ 


6      0|  I 
6      5 


5      6| 
•5      6 


1 
0 
0 


I 

8 


0 
oQ 

1 
«0 

2 
«0 

'i 


4 
1 
8 

h 
2 
3 


4 
4 


71 


4      1 
3    11} 


«      7i 
5      4 


a  Not  Included  in  sample. 

Section  A  (sample  14416)  was  measured  at  the  face  of  room  6  off  the  second  rock 
heading. 

Section  B  (sample  14417)  was  measured  at  the  face  of  the  second  right  air  course. 

Section  0  (sample  14418)  was  measured  on  the  rib  of  the  last  broak-through  on  the 
main  diagonal  entry. 

Section  D  (sample  14419)  was  measured  at  the  face  of  room  4  off  first  west  parallel 
heading. 

Section  E  (sample  14421)  was  measured  on  the  pillar  between  rooms  3  and  6  off  the 
north  entry. 

Section  F  (sample  14422)  was  measured  on  the  pillar  between  rooms  8  and  9,  left 
entry  4  off  the  main  west  heading. 

Section  G  (sample  14423)  was  measured  on  the  pillar  between  rooms  20  and  21,  off 
second  parallel  entry  off  the  main  diagonal  heading. 

Two  composite  samples  were  made :  ( 1 )  By  mixing  samples  14416  to  14419,  inclusive, 
for  an  ultimate  analysis,  the  results  of  which  are  shown  under  laboratory  No.  14420; 
(2)  by  mixing  samples  14421  to  14423,  inclusive,  for  an  ultimato  analyaiB,  the  results 
of  which  are  shown  under  laboratory  No.  14424. 
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355 


Notes. — The  Middle  Statee  mine  in  opened  by  shaft  182  feet  deep,  and  the  coal  is 
mined  by  the  room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut 
by  electric  machinee  and  shot  down  wi th  pennissible  explosives .  Dynamite  was  used 
for  brushing  the  roof.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were 
employed  on  the  car  when  loading.  There  were  2  loading  tracks  with  a  capacity  for 
70  empty  and  30  loaded  cars .  Daily  output,  1 ,000  tons.  There  was  sufficient  unmined 
coal  to  insure  many  years  operation. 

Jed.    Havaco  Mine. 

Sample. — Semibituminous  coking  coal;  Pocahontas  field;  analysis  No.  13775 (p.  116). 

Mine. — Havaco  (formerly  Jed);  Norfolk  &  Western  district;  a  shaft  mine  at  Jed,  on 
the  Tug  Fork  branch  of  the  Norfolk  &  Western  lUdlway. 

Coal  bed. — Known  as  Pocahontas  No.  3,  Carboniferous  (Pottsville)  age,  Pocahontas 
fonnalion.  The  thickness  is  uniform  and  ranges  from  4  feet  8  inches  to  5  feet  4  inches, 
with  an  average  of  6  feet.  Dip,  about  1}^  to  2}^  northwest.  Boof,  strong  bedded 
sandstone  underlain  in  parts  with  12  to  15  inches  of  treacherous  shale,  which  did  not 
regularly  fall  with  the  coal,  but  was  brushed  in  the  entries.  Floor,  12  to  18  inches  of 
hard  clay  with  smooth  surface.    Cover,  about  400  feet. 

The  coal  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  W.  Paul, 
April  5, 1912,  as  described  below: 

Sections  of  coal  bed  in  Havaco  (formerly  Jed)  mine. 


LabofBtoryNo 

Roof,  dark  ahale. 

Coal 

Motber  coal 

Coal 

Motber  coal 

Coal 

Bona 

Coal 

Floor,  bard  clay. 

Tnlckneas  of  bed 

Tblckness  of  coal  sampled 


13775 

Ft. 

in. 

0 

5* 

0 

1 

0 

0 

0 

10 

aO 

2 

11 

5 

U 

4 

»l 

a  Not  Included  in  sample. 

Sample  13775  was  measured  at  the  face  of  first  butt  left  entry. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  with  chain  machines  in 
the  bottom  part  of  the  seam  and  shot  down  with  a  permissible  explosive.  The  tipple 
had  no  storage  bins.  The  entire  output  was  shipped  as  run-of-mine.  There  were 
three  loading  tracks  with  a  capacity  for  75  railroad  cars. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine,  see  Bureau 
of  Mines  Bull.  22,  1914,  pp.  261,  993,  994. 

Jenkinjones.    Pocahontas  Nos.  6,  6B,  and  7A  Mines. 

iSamp2e.— Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14185,  14186, 
14187, 14188,  14189,  and  14190  (p.  116.) 

Mine. — Pocahontas  Nos.  6,  6B,  afid  7A;  Norfolk  &  Western  district;  drift  mines; 
No.  6  mine  is  at  Jenkinjones,  on  the  Tug  Fork  branch  ot  the  Norfolk  A  Western  Kail- 
way,  and  No.  6B  and  No.  7 A  are  one-half  mile  south  of  Jenkinjones. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  (Pottsville)  age,  Pocahontas  formation. 
Average  thickness,  10  feet.  Boof,  dark  shale,  which  is  smooth  and  does  not  mix 
with  the  coal  when  mining.  Floor,  smooth  hard  shale,  which  does  not  adhere  to  the 
coal.    Cover,  approximately  300  feet. 
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The  bed  waa  measured  and  flampled  at  fire  pointa  in  the  mine  by  J.  J.  Butledge, 
Q.  H.  Deike,  and  D.J.  Price  on  June  26, 1912,  tm  described  below: 

Sectiom  of  coal  bed  tn  Pocahontas  Nos.  6,  SB,  and  7  A  mine&. 


SectioD 

laboratory  No 

Roof,  dark  shale. 

Coal.^ 

Gray  coal  to  sulphur 

Coal. 

Mother  coal 

Coal,  bony 

Coal 

Coal,  bony 

Coal 

Coal,  grey 

Coal,  bony 

Coal 

Coal,  bony 

Coal 

Floor,  light  shale. 

Thickiiess  of  bed 

ThickneaB  of  coal  sampled 


c 

D 

£ 

14187 

UIS$ 

MiW 

^i.    in. 

Ft.    hL 

Ft.    in. 

2    10 

3      3 

3      0 

«0 

0 

«0 


4 
24 


0     8 


«0 
1 

«0 
4 

10 
9 


6 
6 

» 
2 

•4 
5 


0 
0 
0 
0 

•  m 

0 

aO 

4 


2 
6 

4 


9      4 
8    10 


0 

0 


0  5 

•3  5 

7  W 

7  U 


a  Not  Included  In  sample. 

Section  A  (sample  14185)  waa  measured  at  the  face  of  the  main  heading  of  No.  6 
mine,  250  feet  west  of  the  mine  mouth. 

Section  B  (sample  14186)  was  measured  at  the  face  of  the  aircourae  of  No.  6  mine, 
250  feet  from  the  mine  mouth. 

Section  C  (sample  14187)  was  measured  at  the  face  of  the  main  heading  of  6-B 
mine,  500  feet  from  the  mine  mouth. 

Section  D  (sample  14189)  was  measured  at  the  face  of  the  first  right  crora  heading 
of  No.  6-B  mine,  850  feet  from  the  mine  mouth. 

Section  £  (sample  14190)  was  measured  at  the  face  of  the  main  heading  of  Poca- 
hontas No.  7-A  mine,  120  feet  from  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14185,  14186,  and  14187. 
An  ultimate  analysis  of  this  sample  is  given  under  laboratory  No.  14188. 

Notes. — Both  No.  6  and  No.  7A  mines  are  new  and  are  opened  by  drift  entries. 
The  room-and-pillar  system  of  mining  is  used.  At  the  time  of  sampling  the  coal  was 
undercut  by  electric  machinos  and  shot  down  with  FFF  black  powder.  The  tipple 
was  a  temporary  structure,  the  permanent  plant  being  in  course  of  construction. 
No.  6  mine  had  a  daily  output  of  75  tons;  No.  6B  mine  of  400  tons,  and  No.  7A  was 
not  shipping. 

Leckie.    Lbckie  No.  1  and  No., 2  Mines. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14271,  14272, 
14273,  14274,  14275,  14276,  14277,  14278,  14279,  14280,  14281,  and  14282  (pp.  116-117). 

ifin^.— Leckie  No.  1  and  No.  2;  Norfolk  A  Western  district;  drift-minee  one-half 
mile  east  of  Leckie  on  the  Tug  Fork  branch  of  the  Noriolk  d  Western  Railway. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  (Pottsville)  age,  Pocahontas  foraia- 
tion.  Average  thickness,  7  feet  6  inches;  dip,  about  1}  per  cent  northwest.  Roof, 
dark  shale  about  9  inches  thick,  above  which  is  a  strong  cap  rock;  floor,  hard,  smooth 
clay.  The  material  from  the  floor  did  not  become  mixed  with  the  coal  when  mining, 
but  a  small  amount  of  the  shale  from  the  roof  fell  with  the  coal .    Cover,  150  to  200  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  No.  1  mine  by  G«  H.  Deike 
on  July  6, 1912,  as  described  below: 
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^ccftofu  of  coal  bed  in  Ledtie  No.  1  mine. 


Labontery  No 

Boof,8liale. 

GoAl 

"Sa^ur"  band. 
Coal. 


SSSsT' 


coal. 

Goal 

Coal,  bony.. 

Coal. 

CoaLgray.. 

Coal 

CoaKgiay.. 

Coal 

HoCbercoal. 
Coal. 


A 

14371 

Ft.  in. 

0  10 
aO        f 

1  io{ 


aO      H 
1      6 
0        i 


Floor,  clay.  i 

ThlekDBBB  of  bad 8 


ThJcknea  of  coal  sampled . 


31 

7    10 


B 

C 

D 

14272 

14273 

14274 

Ft.  in. 

Ft.  in. 

F/.  in. 

0    10 

0    10 

0    11 

aO      1 

aO      1 

oO      1 

1    10 

1        i 

1      3i 

•  •         •  « 

0      « 

0      1 

•  •         •  ■ 

0      5 

0      1 

•  0      6 

aO      2 

«0     3i 

2      2 

■  ■         *  • 

1    11 

0       1 

1      7 

mm               mm 

0      8 

0    11 

•    •               •    • 

0     2 

0      4 

0      1 

1      0 

•    »                 •    a 

0   4 

•  ■          ■  « 

•   •              m   » 

2      0 

2      6 

7    4 

rn 

7      3 
6    10| 

E 
14275 
/•/.  in. 

0  10 
«0     li 

1  5 

•  «         ■  • 

0      1 

0      4 

aO      4 

5 


0      1 
2     9 

7      41 

6  ll{ 


a  Not  included  in  sample. 

Section  A  (sample  14271)  waa  measured  at  the  face  of  room  1,  off  Monkey  heading, 
1,700  feet  west  of  the  mine  mouth. 

Section  B  (sample  14272)  was  measured  at  the  face  of  Monkey  heading,  1,900 
feet  weet  of  the  mine  mouth. 

Section  C  (sample  14273)  waa  measured  at  the  face  of  Kick-back  heading,  1,250 
feet  northwest  of  the  mine  mouth. 

Section  D  (sample  14274)  was  measured  on  a  chain  pillietr  of  first  right  heading,  650 
feet  north  of  the  mine  mouth. 

Section  £  (sample  14275)  was  measured  on  the  pillar  at  the  mouth  of  room  1,  of! 
second  right  heading,  950  feet  northwest  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14271  to  14275,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14276. 

The  bed  was  measured  and  sampled  at  five  points  in  the  No.  2  mine  by  H.  I.  Smith 
on  July  6, 1912,  as  described  below: 

Sectione  of  coal  bed  in  Leckie  No.  t  mine. 


Seetion 

Labontoiy  No 

Roof. '<dxaw  slate." 

Blockyooal 

coairr. 

"Sohihnr"  band 

CoalT. 

Coal,  gray..., 

Coal.?. 

Bone 

Coal 

Goal,  gray 

coaiirrrr 

Coal,  gray 

Moltierooal 

Coal 

Flo€|,c]ay. 

TbieloMai  of  bed 

Tbickness  of  coal  sampled 


C 

14270 
Ft.  in. 
0     1 

0  10 
bO     1 

1  9 


D 

14280 

Ft. 

in. 

0 

1 

0 

9 

»0 

1 

2 

1 

1 

•  • 

•  • 

•  ■         •  « 

60 

5 

to      4 

1 

8 

1      8 

0 

4 

0      3 

0 

4 

0      8 

•  m 

«  • 

0      4 

0 
2 

1 

1      8 

8 

0 

7    11 

7 

6 

7      6 

E 

14281 

Ft. 

fn. 

0 

1 

0 

04 

60 

1 

1 

1 

0 

4 

0 

6 

60 

6 

1 

10 

0 

4 

2    10 

8      4 
7     9| 


a  Too  brittle  to  exclude. 


6  Not  indaded  in  sample. 


Section  A  (sample  14277)  was  measured  at  the  face  of  room  17  off  the  first  right  air 
course,  100  feet  from  the  outcrop. 

Section  B  (sample  14278)  was  measured  at  the  working  face. 

Section  G  (sample  14279)  was  measured  at  the  face  of  the  main  straight  entry,  600 
feet  soulheaet  of  the  mine  mouth. 
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Section  D  (sample  14280)  was  measured  at  the  face  of  room  5  off  the  diagonal  entry. 

Section  £  (sample  1428lj  was  measured  at  the  face  of  the  first  left  entry,  1,900  feet 
from  the  mine  mouth. 

A  composite  sample  was  made  from  face  samples  14277  to  14281,  inclusive.  The 
result  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14282. 

Notes, — ^The  Leckie  No.  1  and  No.  2  mines  are  opened  by  drift  entries  and  the  ooal 
mined  by  the  room-and-pillar  system.  At  the  time  the  mines  were  visited  electric 
chain  machines  were  used  in  No.  1  mine  for  undercutting  the  coal  and  permissible 
explosives  for  breaking  the  coal.  Daily  output,  450  tons.  About  30  per  cent  of  the 
coal  was  obtained  from  advance  workings.  There  was  approximately  25  acres  of 
unmined  coal  tributary  to  this  entry.  Coed-cutting  machines  were  not  used  in  No.  2 
mine.  Permissible  explosives  were  used  for  breaking  the  coal.  The  capacity  of 
No.  2  mine  was  450  tons  per  day.  A  large  part  of  the  coal  was  obtained  from  advance 
workings.  There  was  approximately  35  acres  of  coal  tributary  to  this  mine.  AU 
the  coal  from  both  mines  was  shipped  as  run-of-mine.  Pickers  were  employed  on 
the  cars  in  loading.  There  was  one  loading  track  with  a  capacity  for  20  empty 
and  30  loaded  cars. 

RODERFIELD.      DaVY-PoCAHONTAS   No.    1  AND  No.  2  MiNBB. 

'Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14202,  14263,  14264, 
14266, 14267,  and  14268  (p.  117). 

Mine. — ^Davy-Pocahontas  No.  1  and  No.  2;  Norfolk  &  Western  district;  drift  mines. 
No.  1  mine  is  1}  miles  and  No.  2  mine  2  miles  east  of  Roderfield  on  the  Spice  Creek 
branch  of  the  Norfolk  &  Western  Railway. 

Coal  bed. — No.  1  mine  is  in  the  War  Creek  bed.  Carboniferous  age,  Pottsville  forma- 
tion .  Average  thickness  of  bed,  6  feet.  The  roof  is  sandstone,  to  which  a  small  amount 
of  coal  adheres.  Floor,  sandstone.  No.  2  mine  is  in  the  Davy  bed,  Carboniferous 
age,  Pottsville  formation.  Average  thickness  of  bed,  3  feet  6  inches.  Roof,  smooth, 
sandstone;  floor,  black  carbonaceous  shale  which  is  hard  and  smooth.  Material  from 
the  floor  occasionally  becomes  mixed  with  the  coal  in  mining.  Cover  at  No.  2 
mine,  200  to  300  feet. 

The  coal  bed  in  No.  1  mine  was  measured  and  sampled  at  three  points  in  the  mine 
by  H.  I.  Smith  on  July  5,  1912,  and  the  bed  in  No.  2  mine  was  measured  and  sampled 
at  three  points  by  G.  H.  Deike  on  July  5,  1912,  as  described  below: 

Sections  of  coal  bed  in  Vavy-Pocahontas  No.  1  mine. 


Section 

Laboratory  No 

Roof,  sandstone. 

Coal 

"Sulphur"  band 

Coal 

Coal,  gray 

Coal 

Mother  coal  and  '^ sulphur" 

Coal 

Mother  ooal  and  "sulphur" 

Coal 

Coal,  bony 

Coal,  very  soft 

Cotl. 

Coal,  bony 

Floor.  ssDdy  shale. 

TnicknesB  of  bed 

Thickness  of  ooal  sampled  . . 


A 

14966 

Ft.  ^ 

0     9 

B 

14367 

J^  1m, 

1     1 

0     6 

0     8 

?  4 

•  •        •  « 

0  5 

2  1 

1  9 

aO    '6 

0  1 

1  11 
aO      3 

•  6     7 

3     8i 

oO     3 

6      1 
5      5 

m 

c 

143(» 
FU    te. 

0      3 
iO 

0 

0 

0 

0 

1 

0 

0 

aO 


I 


4 
4 

1 


A 


3  0 
to  4 

5  » 

4  10| 


a  Not  included  in  sample. 


Section  A  (sample  14266)  was  measured  at  the  face  off  room  3,  off  entry  2. 
Section  B  (sample  14267)  was  measured  at  the  f ace  6f  entry  2,  oppoeite  soom  d 
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Section  0  (sample  14268)  was  measured  at  the  face  of  entry  7,  at  the  mouth  of  room  15. 

A  composite  sample  was  made  by  mixing  face  samples  14266,  14267,  and  14268. 

The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14269. 

Sections  of  coal  bed  in  Davy-Pooahontas  No.  t  mine. 


Section 

Laboratory  No 

Roof ,  sandstone. 

Coal 

Mother  coal 

Coal 

Coal,  gray 

ICotber  ooal 

Coal 

Coal,  gray 

''Sulphur"  band 

Coal 

Shale,  hard 

Coal 

Shale,  soft,  block 

Floor,  sandy  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

14262 

14263 

FU  in. 

Ft.   tn. 

•  •         •  • 

0     3 

•  ■         •  • 

0       \ 

2    lOi 

0    11 

0       f 

•  •         •  • 

0     3 

•  •         •  • 

0      1 

0     7 

aO      2 

oO      1} 

0      2 

0     2 

aO      6 

aO      6 

\  1 

i'il 

C 

14254 

Ft.  in. 


1     1 
0     1 


4 


aO 

1 
aO      2 

0      2 
oO      6 


2    10 


% 


a  Not  included  in  sample. 

Section-  A  (sample  14262)  was  measured  at  the  face  of  room  5,  left  entry  1,  500  feet 
southwest  of  the  mine  mouth. 

Section  B  (sample  14263)  was  measured  at  the  face  of  the  first  lef^air  course,  600  feet 
southwest  of  the  mine  mouth. 

Section  C  (sample  14264)  was  measured  at  the  face  of  the  main  heading,  600  feet  west 
of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14262,  14263,  and  14264, 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No. 
14265. 

Notes. — No.  1  mine  is  opened  by  a  drift  entry.  The  coal  is  mined  by  irregular  tim- 
neling  intended  for  the  room-and-pillar  system.  The  mine  is  not  well  laid  out.  At 
the  time  of  sampling  coal  cutters  were  not  used.  No.  2  mine  was  new ;  the  main  entry 
was  about  600  feet  long.  At  the  time  of  sampling  the  work  was  largely  development. 
Electric  chain  coal  cutters  were  used  for  undercutting  the  coal.  Black  powder  was 
used  for  breaking  the  coal  in  both  mines  and  also  for  taking  up  the  floor.  All  of  the 
coal  from  No.  1  mine  was  shipped  as  run-of-mine.  The  coal  from  No.  2  mine  was 
passed  over  bar  screens  with  spaces  \\  inches  wide.  Sixty  per  cent  of  the  coal  passed 
through  this  Exn!een.  Pickers  were  employed  on  the  cars  in  loading.  The  coal  on 
the  cars  was  very  clean;  the  lumps  were  laige  and  had  a  good  appearance.  There 
were  two  loading  tracks  with  a  capacity  for  20  empty  and  20  loaded  cars.  Daily  output 
of  No.  1  mine,  150  tons;  of  No.  2  mine,  80  tons.  There  was  approximately  1,000  acres 
of  immined  coal  tributary  to  these  mines. 


ROLFE.      ROLPB   MiNB. 

Sample. — Semibituminous  coal,  Pocahontas  field;  analyses  Nos.  14394, 14395, 14396, 
14397,  14398,  and  14400  (p.  117). 

Mine. — Rolfe;  Norfolk  &  Western  district;  a  drift  mine  at  Rolfe  on  the  North  Fork 
branch  of  the  Norfolk  &  Western  Railway,  3  miles  from  North  Fork. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  age«  Pottsville  formation.  Average 
thickness,  about  5  feet  2  inches.  The  coal  bed  is  practically  horirontal.  The  roof 
consists  of  a  ''draw-slate ''  2  inches  thick,  which  falls  with  the  coal;  above  the  '*  draw- 
slate"  is  a  hard  smooth  shale.    The  floor  is  a  hard  smooth  shale  which  does  not  become 

47064**— Bull.  85—14 24 
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mixed  with  the  coal  in  mining.  There  is  a  streak  of  bony  coal  about  1  foot  from 
the  top  of  the  bed,  which  la  rather  persistent  throughout  the  mine.  This  is  excluded 
in  the  sections  given  below. 

The  coal  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  E.  B.  Sutton 
and  H.  I.  Smith,  June  25,  1912,  as  described  below: 

8ection»  of  coal  bed  in  Rolft  mint. 


SecUon....' 

Laboratory  No 

Roof,  shale. 

CoaL 

Booe 

Coal 

Coal,  gray 

Coal,  gray,  bony 

CoaL 

Floor,  shale. 

Thickness  of  bed 

Thldmest  of  ooal  sampled 


A 

B 

C 

D 

B 

14394 

14395 

14806 

14397 

i4aH 

Ft.  in. 

Ft.^. 

FUfn. 

Ft.  in. 

Ft.  in. 

1      3 

1      4 

1      4 

1     2 

aO     3 

aO      4 

aO     3 

oO     4 

aO     2 

1      1 

1      1 

1      1 

1      1 

1     7 

0      4 

0      4 

0     4 

•  •         •  • 

■  •        •  • 

■          •  • 

•  •         •  • 

V   ■                 •  • 

aO     4 

•0     4 

2     3 

2      1 

2     1 

2     3^ 

a    4 

5     3 

5      1 

5     2 

;  4 

6    U 

4    11 

4    10 

4    10 

4     7 

F 
144» 

1  2 

•  0  2 

1  0 

•  •  *  • 

•0  4 

a  2 

4  10 

4  4 


a  Not  fndaded  in  sample. 

Section  A  (sample  14394)  was  measured  at  the  face  of  B-2  butt  entry  off  the  B 
entry,  5,800  feet  northwest  of  the  mine  mouth. 

Section  B  (sample  14395)  was  measured  at  the  face  of  B>1  butt  entry  off  the  B 
entry,  6,250  feet  northwest  of  the  mine  mouth. 

Section  C  (sample  14396)  was  measured  at  the  face  el  the  left  boundary  heading, 
6,200  feet  northwest  of  the  mine  mouth. 

Section  D  (sample  14397)  was  measured  at  the  face  of  room  15  off  3-A  entry  off  right 
entry  1,  5,100  feet  northeast  of  the  mine  mouth. 

Section  E  (sample  14398)  was  measured  at  the  i»c%  of  room  18  off  2-A  entry  off 
right  entry  2,  5,000  feet  northeast  of  the  mine  mouth. 

Section  F  (sample  14400)  was  measured  on  the  pillar  of  room  4  off  right  entry  1, 
4,200  feet  east  of  the  drift  mouth. 

A  composite  sample,  was  made  by  mixing  samples  14394  to  14398,  induaive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14399. 

Noiu. — ^The  Rolfe  mine  is  opened  by  drift  entries  and  the  coal  mined  by  theioom- 
and-pillar  system.  At  the  time  the  mine  was  visited  the  coal  was  undercut  by  electric 
chain  cutters  and  broken  down  with  FFFF  black  powder.  FFF  black  powder 
used  for  brushing  the  roof.  All  of  the  coal  was  shipped  as  run-of-mine  and  pick 
were  employed  on  the  cars  in  loading.  The  lumps  were  &irly  laxge^  ranging  from 
6  to  12  inch  cubes.  There  were  two  loading  tracks  with  a  capacity  lor  22  empty  and 
45  loaded  cars.  There  were  no  storage  bins.  Daily  output,  700  tons  with  a  maximum 
day*s  run  of  875  tons.    All  of  the  coal  was  fr^m  advance  workings. 

Susan  A.    Yukon-Pocabontas. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14425,  14428, 
14427, 14428,  and  14429  (p.  118). 

Mine. — ^Yukon-Pocahontas,  Norfolk  A  Western  district;  a  drift  mine  one-fourth  mile 
west  of  Susana  station  (Yukon  post  office)  on  the  Norfolk  &  Western  Railway. 

Coal  M.— War  Creek.  Carboniferous  age,  Pottsville  formation.  Average  UiicknesB, 
about  5  feet  3  inches.  Dip,  1^  per  cent  to  the  northwest.  Roof,  shale;  floor,  bony 
coal  15  inches  to  30  inches  thick,  underlain  with  sandstone. 

The  coal  bed  was  measured  and  sampled  at  h\e  points  in  the  mine  by  H.  I.  Smith 
and  S.  B.  Sutton,  June  28, 1912,  as  described  below; 
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Sections  of  coal  bed  in  Yubon-Pofohontas  mine. 


Section 

LAbontoryNo 

Roof,  shale. 

Coal  and  mother  ooal 

Coal 

Bone 

Coal 

"Sulphor"  band 

Coal 

Bone 

Floor,  sandstone. 

Thicluiess  of  bed 

Thiokneas  of  ooal  sampled 


B 

14426 

Ft.    in. 


C 

14427 

Ft.    to. 


1  1 
Streak. 

2  7 
•  1    81 

3  8 


D 
14428 
Ft.    to. 
oO      2 


4      1 
oO    10 


5 

4 


E 
14429 
Ft.    in. 
•  0   3i 


3   2 

0  I 

1  9 
a\    0 

6    3 
8  Hi 


a  Not  inoloded  In  sample. 

Section  A  (sample  14425)  was  measured  on  a  pillar  of  the  third  right  cross-cut  off 
the  main  entry,  at  the  last  break-through,  1,200  feet  northwest  of  the  old  opening. 

Section  B  (sample  14426)  was  measured  at  the  face  of  room  24  off  the  main  air  course, 
1,700  feet  southwest  of  the  main  opening. 

Section  C  (sample  14427)  was  measured  at  the  face  of  the  main  entry,  1,850  feet 
southwest  of  the  main  opening. 

Section  D  (sample  14428)  was  measured  at  the  face  of  room  7  off  the  main  air  course, 
850  feet  southwest  of  the  main  opening. 

Section  E  (sample  14429)  was  measured  at  the  face  of  room  14  off  the  main  air  course, 
1,100  feet  southwest  of  the  main  opening. 

A  composite  sample  was  made  by  mixing  fiace  samples  14426  to  14429,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14430. 

iVbtef . — ^The  Yukon-Pocahontas  mine  is  opened  by  drift  entries  and  the  coal  mined 
by  the  room-and-pillar  system.  At  the  time  the  mine  was  visited  all  of  the  coal  was 
mined  by  hand.  FFF  hlack  blasting  powder  was  used  for  breaking  the  coal.  None 
of  the  coal  was  shipped  as  run-of-mine.  The  screening  plant  was  equipped  with 
screens  for  producing  4-inch,  l^-inch,  and  |-inch  coal.  Pickers  were  employed  on 
the  car  in  loading  and  also  at  a  traveling  belt.  The  coal  lumps  were  laige  and  had  a 
good  appearance.  There  were  four  loading  tracks  with  a  capacity  for  40  empty  and 
35  loaded  cars.  The  mine  had  a  daily  output  of  400  tons,  practically  all  of  which  was 
from  advance  workings.  The  maTiinnm  capacity  of  the  mine  was  about  575  tons  per 
day.    There  was  about  4,000  acres  of  unmined  coal  tributary  to  this  mine. 

Matbbury.    Norpolk  Mine. 


Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  11247  and  11780 

(p.  n»). 

Mine. — Norfolk,  a  drift  mine  2  miles  from  Maybeury,  on  the  Norfolk  &  Western 
Raflway. 

Coal  bed. — ^Pocahontas  No.  3.  Carboniferous  (Pennsylvanian)  age,  Pocahontas  for- 
mation .    The  bed  is  about  8}  feet  thick  and  lies  nearly  horizontal . 

Two  car  samples  of  coal  from  thia  mine  were  taken  by  £.  R.  Linkenhoker  as  the 
cars  were  being  unloaded  at  the  Bureau  of  Mines  testing  station  at  Pittsburgh,  on 
November  28, 1910,  and  March  2, 1911,  respectively. 

Samples  11247  and  11780  each  represent  a  car  load  of  f-inch  to  l^-ii^ch  nut  coal. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine,  see  Bureau 
of  Mines  Bull.  22,  1913,  pp.  265, 1001. 
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War.    John's  Branch  BIink. 

Sample. — SemibituminouB  coal;  Pocahontas  field;  analyses  Nos.  14468,  14469, 
14470,  14471,  and  14472  (p.  119). 

Mine. — ^John's  Branch,  Norfolk  &  Western  district;  a  drift  mine  1  mile  south  of  War 
on  the  Dry  Fork  branch  of  the  Norfolk  &  Western  Bailway. 

Coal  bed. — ^War  Creek.  Carboniferous  age ,  Potts ville  formation .  Average  thickness, 
3  feet  10  inches.  The  coal  bed  is  practically  horizontal.  Roof,  4  inches  of  "draw 
slate,"  which  parts  easily  from  the  coal.  Above  the  ''draw  slate'*  is  a  main  cap 
rock.    Floor,  sandstone. 

The  coal  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  H.  1.  Smith 
and  E.  B.  Sutton,  June  29,  1912,  as  described  below: 

Sections  of  coal  bed  in  John's  Branch  mine. 


Beclion 

Laboratory  No 

Roof,  "draw  slate." 

Coal 

Coal,Kray 

Coal,  bony 

Coal 

Mother  coal  and  "  sulphur  " . . 

Coal 

Coal,  bony 

Floor,  shale,  coal,  and  sandstone. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

144^8 

14460 

14470 

Ft.  in. 

Fl.  in. 

Ft.   in. 

0  3i 

•  3i 

•  •    •  » 

0  1 

mm             mm 

«  >    ■  « 

0   1 

•  •      •  ■ 

1   6 

3   6 

3   8 

0   i 

■  •    •  • 

«  «    ■  • 

0  10 

•  ■    •  « 

■  •    •  • 

«0   7 

■  •    •  * 

aO   R 

3   4 

3  10 

4   4 

2   9 

3  10 

3   8 

D 
14471 
Ft.  m. 


aO     9 


4 
3 


4 

7 


«  Not  Included  in  sample. 

Section  A  (sample  14468)  was  measured  at  the  face  of  the  main  entry,  800  feet  from 
the  mine  mouth. 

Section  B  (sample  14469)  was  measured  at  the  face  of  heading  3  off  the  ri^t  entry. 

Section  C  (sample  14470)  was  measured  at  the  face  of  room  4  off  the  fint  left  air 
course. 

Section  D  (sample  14471)  was  measured  at  the  face  of  the  first  right  butt  entry  off 
left  entry  2. 

A  composite  sample  was  made  by  mixing  face  samples  14468  to  14471,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No. 
14472. 

Notes. — ^The  John's  Branch  mine  is  opened  by  drift  entries  and  the  coal  mined  by 
the  room-and-pillar  system.  At  the  time  of  sampling  all  the  mining  was  done  by 
hand  and  the  coal  broken  with  FFF  black  powder.  All  of  the  coal  was  shipped  as 
run-of-mine.  There  was  no  screening  plant.  Pickers  were  employed  on  the  car  in 
loading.  The  lumps  of  coal  were  laige  and  had  a  good  appearance.  The  loading 
tracks  had  a  capacity  of  15  empty  and  15  loaded  cars.    Daily  output,  125  tons. 

War.    War  Creek  Mine. 


Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14405,  14406, 
J4407,  and  14408  (p.  119). 

Mine. — ^War  Creek,  Norfolk  d  Western  district;  a  drift  mine  at  War,  on  the  Dry 
Fork  branch  of  the  Norfolk  &  Western  Railway. 

Coal  bed. — ^War  Creek.  Carboniferous  age,  Pottsville  formation.  Average  thick- 
ness, 4  feet.  Roof,  smooth  shale,  10  feet  thick,  which  does  not  fall  when  the  coal  is 
mined.    Floor,  soft  sandstone. 

The  coal  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  H.  I. 
Smith  and  E.  B.  Sutton  on  June  30,  1912,  as  described  below: 
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Sections  of  coal  bed  in  War  Creek  mine. 


Section 

Laboratory  No 

RooLsbsM. 

Coal,  bony 

Coal 

Mother  coal  and  ''sulphur" 

Coal 

Mother  coal  and  "sulphur" 

Coal 

Coal,  bony , 

Floor,  sandstone. 

Thickness  of  bed 

Thickness  of  coal  sampled . , 


A 

14406 
Ft.  in. 
0    3i 


y\ 


1 

0 

3 
3 


1 

n 

4 
4 


B 

14406 
Ft.  in. 
0     M 


0 
0 
1 
0 
1 
0 


8 

i 
1 

i 

3 

7J 


3    11 
3    11 


C 

14407 
Ft.  in 


3     0 


3     0 
3     0 


Section  A  (sample  14405)  was  measured  at  the  face  of  the  fourth  left  cross  entry 
off  the  main  entry. 

Section  B  (sample  14406)  was  measured  at  the  face  of  the  main  entry,  1,200  feet 
from  the  mine  mouth. 

Section  C  (sample  14407)  was  measured  at  the  face  of  room  4  off  the  main  air  course, 
about  1,000  feet  from  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14405,  14406,  and  14407. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14408. 

Notes. — The  War  Creek  mine  is  opened  by  drift  entries  and  the  coal  mined  by 

the  room-and-piUar  system.    At  the  time  of  sampling  the  coal  was  undercut  by  hand 

and  in  some  places  was  cut  at  the  top  of  the  bed.    FFF  black  blasting  powder  was 

used  both  for  breaking  the  coal  and  for  brushing  the  roof.    All  of  the  coal  was  shipped 

as  run-of-mine.     Pickers  were  employed  on  the  car  in  loading.     The  coal  had 

a  good  appearance  when  loaded,  the  lumps  being  fairly  large.    There  was  one  loading 

track  with  a  capacity  for  a  number  of  cars.    Daily  output,  50  tons.    There  was  about 

1,000  acres  of  land  tributary  to  tb's  mine.    The  War  Creek  mine  is  comparatively 

new. 

Welch.    Orboon  No.  2  and  No.  3  Mines. 


Sample. — Semibituminouscoal;  Pocahontas  field;  analyses  Nos.  14212, 14213, 14214, 
14215,  14216,  and  14217  (p.  120). 

Mine. — Oregon  No.  2  and  No.  3;  Norfolk  &  Western  district;  drift  mines,  2  miles 
west  of  Welch,  Hemphill  Township,  with  railroad  connections  to  the  Norfolk  &  Wes- 
tern Railway. 

Coal  bed. — Pocahontas  No.  4.  Carboniferous  age,  Pottsville  formation.  Average 
thickness,  3  feet  6  inches;  the  bed  is  practically  horizontal.  The  roof  is  a  dark,  hard, 
smooth,  sandy  shale,  and  does  not  fall  immediately  after  the  coal  is  taken  out.  Floor, 
hard,  smooth  sandstone.  Material  from  the  roof  and  from  the  floor  does  not  become 
mixed  with  the  coal  when  mined.    Cover,  150  to  450  feet. 

The  coal  bed  was  measured  and  sampled  at  five  points  in  the  mines  by  G.  H.  Deike 
on  June  30,  1912,  as  described  below: 

Sections  of  coal  bed  in  Oregon  No.  2  and  No.  S  mines. 


Section 

Laboratory  No. 
Roof,  shale. 
Coal 


Gray  ooal,  bard . 
~  if. 


Coal 
Floor,  sandstone. 

Tnlcknoss  of  bed 

Thickness  of  ooal  sampled . 


A 

B 

C 

D 

14212 

14213 

14214 

14215 

Ft.  in. 

Ft.  in. 

Ft.  in. 
1  '^0 

Ft.  in. 

0  11 

1   0 

0  10 

0   4 

0   4 

0   4 

0   4 

2   4 

2   1 

2   9 

1  11 

3   7 

3   6 

4   1 

3   1 

3   7 

3   5 

4   1 

3   1 

E 
14216 
Ft.  in. 

1  0 
0     4 

2  0 


3 
3 


4 
4 


Section  A  (sample  14212)  was  measured  at  the  face  of  main  entry,  3,000  feet  south- 
west of  mouth  of  No.  3  mine. 
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ANALT8£S  OF  COAL. 


Section  B  (sample  14213)  waa  measured  at  the  face  of  room  16  off  fourth  left  entry, 
2,000  feet  south  of  mouth  of  No.  3  mine. 

Section  G  (sample  14214)  was  measured  on  the  pillar  of  room  1 ,  off  firat  left  entry, 
800  feet  southeast  of  mouth  of  No.  3  mine. 

Section  D  (sample  14215)  was  measured  at  the  face  of  the  main  entry,  4,000  leet 
south  of  mouth  of  No.  2  mine. 

Section  E  (sample  14216)  was  measured  on  the  rib  of  room  11,  off  the  air  comae, 
100  feet  from  the  face  and  3,500  feet  southeast  of  mouth  of  No.  2  mine. 

A  composite  sample  was  made  by  mixing  samples  14212  to  14216,  inclusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14217. 

Notes. — ^The  Oregon  mines  are  opened  by  drift  and  worked  by  the  room-and-pillar 
system  of  mining'.  At  the  time  of  sampling,  the  coal  was  undercut  by  compresBed 
air  punchers  and  shot  down  with  FFF  black  powder.  Permissible  ezploaiveB  were 
used  for  bnishing  the  roof.  The  tipple  was  equipped  with  a  shaking  screen  5  by  24 
f^t  with  3-inch  holes.  Fifty  per  cent  of  the  coal  passed  through  the  screens.  About 
50  per  cent  of  the  coal  was  shipped  as  run-of-mine.  The  coal  had  a  good  appearance 
when  loaded  on  the  cars.  There  were  two  loading  tracks  with  a  capacity  of  25  empty 
and  20  loaded  cars.  There  was  about  1,800  acres  of  immined  land  tributary  to  thia 
mine.  Forty  per  cent  of  the  coal  was  taken  out  in  advance  workings.  The  capacity 
of  the  mines  was  450  tons  a  day  with  a  maximum  day's  run  of  about  800  tons. 

Wblch.    Standard  Pocahontas  Mine. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  12512  and  12513 
(p.  120). 

l/tn«.— Standard  Pocahontas;  Norfolk  &  Western  district;  the  mine  is  opened  by 
a  shaft  370  feet  deep  and  is  2  miles  west  of  Welch  on  the  Norfolk  &  Western  Railway. 

Coal  bed. — Pocahontas  No.  3  bed.  Carboniferous  age,  Pocahontas  formation .  Thick- 
ness, 4  feet  7  inches  to  6  feet.  There  is  a  characteristic  bone  parting  2  to  5  inches  thick 
near  the  middle  of  the  bed.  Boof,  ''draw  slate,"  overlain  by  3  feet  of  black  shale. 
Particles  of  the  roof  did  not  mix  with  the  coal  in  loading.  Floor,  hard,  smooth,  sandy 
clay.    Cover,  about  375  feet. 

The  coal  bed  was  measured  and  sampled  at  two  pcMnts  in  the  mine  by  J.  T.  Ryan 
on  August  8, 1911,  as  described  below: 

Sections  of  coal  bed  in  Standard  Pocahontas  mine, 

Beotion 

Laboratory  No 

Roof,  shale. 

Coal  laBiJiiated  with  motber  coal 

"Sulphur" 

Coal 

'        Bone 

Coal 

Motharooal 

Coal 

Shale 

Coal 

FloOT,  sandy  clay. 

Thkteessof  bed 

Thickness  of  coal  sampled 

a  Not  Included  in  sample. 

Section  A  (sample  12512)  was  measured  at  the  face  of  the  main  entry  in  No.  2  shaft, 
85  feet  from  the  bottom  of  the  shaft. 

Section  B  (sample  12513)  was  measured  at  the  face  of  entry  driven  from  No.  1  shaft 
to  connect  with  No.  2  shaft,  about  120  feet  from  the  bottom  of  No.  1  shaft. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  puncher  machines  and 
blasted  down  with  permissible  explosives.  The  machine  cuttings  were  loaded  out 
with  the  coal.  The  entire  future  output  of  the  mine  will  be  from  advanced  work  ai 
this  is  a  new  development. 
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MABIOH  OOTTHTT. 
MoNONQAH.    Mine  No.  63. 

SampU.^BitaminouB  coal;  analyses  Nos.  11429, 11430, 11431,  and  11432  (p.  121). 

Mine. — ^No.  d3  (fonnerly  No.  8)  Monongahela  district;  a  slope  mine  at  Monongah, 
on  the  main  line  of  the  Baltimore  and  Ohio  Railroad. 

Coal  bed. — Pittsburg^.  Carboniferous  age,  Monongahela  formation;  average  thick- 
ness 7  feet;  dip  about  3^  northwest;  roof,  dark  shale  2  to  8  feet  thick  with  Mmdstone 
cap  rock;  floor,  fire  clay;  cover  at  points  of  sampling,  200  to  400  feet.    . 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  J.  J.  Rutledge  on 
December  19, 1910,  as  described  below: 

Sections  of  coal  bed  in  No.  63  mine,  at  Monongah. 


lAborstofy  No 

Roof,  shale. 

Coal 

"Solphar"  band 

Coal 

Coalybooy 

Coal 

Coal,  bony 

Coal 

Coal,  bony 

Coal 

*'Sulpliur"band 

Coal 

*' Sulphur"  band 

Coal 

Floor,  clay. 

ThickiMss  of  bed 

Thiekness  of  ooal  sampled. 


A 

B 

C 

11430 

ii4ao 

11481 

Ft.    in. 

Ft.    in. 

Ft.    in. 

2   0 

1    11 

1     7 

•  a             •  « 

S  4 

aO       } 

ab 

aO      1 

•  •             •   • 

0  d 

0      4 

•  •             •  • 

•  0 

•0       i 

mm             mm 

0 

0      4 

1      6 

•  0    1 

ttO      I 

aO      U 

3    3 

2    10 

8    10 

•  0     i 
0    6 

0    i 

aO       i 

•  •         •  • 

•  •            m  • 

mm  •  • 
•  a             a  a 

1    6 

I      7\ 

■   •             mm 

lA 

7     7| 
7     5 

7  0 
0    10 

D 

11432 

Ft.    in. 

n 

aO      1 
0      4 

X       * 
0      4 

•  0     1 

2    10 

?  4 


?  SI 


a  Not  ineladed  in  sample. 

Section  A  (sample  11429)  was  measured  at  the  face  of  room  14,  off  left  entry  3  off 
north  entry  2,  about  2,700  feet  northwest  of  the  mouth  of  the  main  slope. 

Section  B  (sample  11430)  was  measured  at  the  face  of  room  14  off  left  entry  4  off 
north  entry  2,  about  3,200  feet  northwest  of  the  mouth  of  the  main  slope. 

Section  G  (sample  11431)  was  measured  at  the  face  of  room  18  off  left  entry  2  off 
north  entry  2,  about  2,650  feet  from  the  mouth  of  the  main  dope. 

Sectkm  D  (sample  11432)  was  measured  at  the  f&ce  of  room  SO  off  left  entry  1,  off 
north  entry  2,  about  2,900  feet  northwest  from  the  mouth  of  the  main  slope. 

A  composite  sample  was  made  by  mixing  face  samples  11429  to  11432,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No. 
11433. 

Notes. — Coal  hard  and  blocky  and  used  laigely  for  firing  locomotives,  by-products 

and  lake  shipments;  some  coke  was  made  fmm  the  screenings  at  the  mine.    There 

were  three  loading  tracks  with  capacity  for  60  to  75  cars.    The  coal  was  mined  by  the 

room-and-pillar  system  with  modified   panel  system;  permissible  explosives  were 

used  exclusively;  the  coal  was  undercut  with  electric  chain  machines;  daily  output, 

800  to  1,000  tons. 

MoKTANA  Station.    Parkeb  Run  Mine. 

Sample.— BitamiaojiB  coal;  analyses  Nos.  15067,  15068,  15069,  15070,  15071,  and 
15072  (p.  121). 

Mine. — ^Parker  Kun;  Monongahela  district;  a  drift  mine  one-fourth  of  a  mile  north 
of  Montana  station  on  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — Known  as  the  Sewickley.  Carboniferous  age,  Monongahela  formation. 
Thickness,  5  feet  6  inches  to  6  feet ;  average,  5  feet  9  inches.  The  character  of  the  seam 
is  fairly  regular,  though  there  are  some  sulphur  balls  and  occasional  clay  binders. 
Roof,  smooth  sandstone;  floor,  soft  fire  clay;  particles  of  the  roof  and  floor  sometimes 
become  mixed  with  the  coal  in  loading. 


ANALYSES  OF  COAL. 


The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  H.  Deike  u>d 
Edwin  Higgins  on  November  9, 1912,  m  deHcribed  below: 


SeeHont  o/eoal  bedt 

1  farter  Run  mi 

M. 

•  0     U 

•s  I' 

B 
Fi.    Hi. 

.^      ' 

a    « 

5  2 

6  m 

c 
'      1 

D 

FI.  V 

■  0      3 

::  :; 
o6  i 

"n.'sftisf 

fj.  («. 

'?    ol 

«0      3i 

ed 

."      ? 

f  .it 

n  entry  at  the  month  of 


fl  Not  Indudnd  In  samplfl. 

Section  A  (sample  16007)  waa  cut  bom  a  pillar  on  tl 
right  entry  7 ,  2,400  feet  northeast  of  the  mine  mouth. 

Section  B  (sample  15068)  was  measured  at  the  face  of  room  8  oft  right  entry  6. 

Section  G  (sample  15069)  was  measured  at  the  face  of  room  21  oS  right  entry  3. 

Section  D  (sample  16070)  was  cut  from  a  pillar  on  the  main  air  oourw  at  tXe  moulh 
of  left  entry  2. 

.    Section  E  (sample  16071)  was  measured  at  the  foce  of  the  fourth  left  tdr  courn. 
1,800  feet  northeast  of  the  mine  mouth. 

A  composite  sample  was  made  by  mining  the  face  samples  15068, 16069,  and  15071. 
Theresultsof  an  ultimate  analysis  of  thissamplearegivenunder  laboratory  No.  15072. 

i^ofe*.— At  the  time  of  sampling  the  coat  was  undercut  by  hand  and  compreeecd  air 
punchers  and  shot  down  with  FFF  black  powder.  Black  powder  was  also  used  fur 
brushing  the  roof  and  floor.  All  the  coal  was  shipped  as  run-of-mine.  Average 
daily  output,  450  tons.  Practically  all  of  the  coal  was  derived  from  advance  work- 
ings. Therewasapproximataly  1,600  acres  of  unmined  coal  tributary  to  this  opening. 
Probable  life  of  mine, about  25  years. 

WOBTHINOTON.      HiTTCHINSON    UlNB. 

Smnpk.— Bituminous  co»I;  analyses  Noe.  11152,  11153, 11154,  and  11165  (p.  121). 

Miru. — Hutchinson;  Monongahela  district;  a  slope  mine  1  mile  ftota  Worthington, 
nn  the  Baltimore  &  Ohio  Bailroad. 

Cooi  6af.— Pittsburgh.  Oarbonilerons  age,  HonongaheU  formation.  Average  thick- 
ness, 102  inches;  dip,  1)°  ntwthwesti  roof,  firm,  smooth,  dark  shale;  fioor,  hard,  mooth 
fire  clay.    There  is  a  workable  coal  bed  120  feet  above  this  bed . 

The  bed  waa  measured  and  sampled  at  four  points  in  the  Hutchinson  mine  by  A.  A. 
Stranb,  on  November  6,  1910,  as  described  below: 

Section!  of  coal  bed  in  Buldnnton  mine. 


0     J 

0      3 

4    a 

:  1 

i; 

1  e 

'.'4 

Boo^Ash. 

V' 

"8lllpllUJ"b8nd 

Coal-. 

ffl"r:'.'^ ;■•::: : 
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Section  A  (sample  11152)  was  measured  on  pillar  15  on  left  heading  3,  2,500  feet 
south  from  the  mouth  of  the  main  slope. 

Section  B  (sample  11 153)  was  measured  on  pillar  20  on  left  heading  1 , 1 ,500  feet  south 
of  the  mouth  of  the  main  slope. 

Section  0  (sample  11154)  was  measured  at  the  face  of  room  8  off  the  fourth  left 
butt  entry,  3,000  feet  south  of  the  mouth  of  the  main  slope. 

Section  D  (sample  11155)  was  measured  at  the  face  of  room  10  off  left  heading  2, 
1,000  feet  south  of  the  mouth  of  the  main  slope. 

A  composite  sample  was  made  by  mixing  samples  11152  to  11155,  include  The 
result  of  an  ultimate  analysis  of  this  sample  is  given  under  laboratory  No?  11156. 

Notes, — ^The  coal  was  mined  by  the  room-and-pillar  system.  At  the  time  of 
sampling  black  powder  was  used  for  breaking  down  the  coal  after  undercutting  by 
electric  chain  cutters;  permissible  explosives  were  used  for  brushing  the  roof.  None 
of  the  coal  was  shipped  as  run-of-mine;  coal  was  screened  over  1)  and  {-inch  bar 
screens;  pickers  were  employed  on  the  cars  when  loading;  there  were  three  loading 
tracks  with  cai)acity  for  32  cars.  Daily  output  of  mine,  400  tons.  About  60  per  cent 
of  the  coal  produced  was  from  advance  work.  Recovery,  90  per  cent  when  piUara  are 
pulled.   There  was  151  acres  of  coal  tributary  to  the  main  slope. 

MAKBHALL  COtTNTY. 

MOUNDSVILLE.      PANAMA  MiNE. 

^omp^e.— Bituminous  coal;  analyses  Nos.  14486,  14487,  and  14488  (p.  122). 

Mine. — Panama;  Wheeling  district;  a  shaft  mine  1  mile  south  of  Moundsville 
station,  on  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — ^Pittsburgh.  Carboniferous  age,  Monongahela  formation.  Average  thick- 
ness, 5  feet  6  inches.  There  is  a  distinct  cleat  extending  north  and  south.  Occa- 
sional clay  veins  are  encountered.  The  immediate  roof  consists  of  a  *'draw  slate ** 
over  which  is  a  roof  coal  and  shale  with  a  limestone  cap  rock.  Floor,  underclay  and 
limestone.  Small  amounts  of  the  shale  from  the  roof  and  underclay  occasionally  mix 
with  the  coal  in  mining.    Cover  at  points  of  sampling,  400  feet. 

The  coal  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  G.  H.  Deike 
and  J.  T.  Ryan  on  July  20,  1912,  as  described  below: 

Sections  of  coal  bed  in  Panama  mine. 


Section 

Laboratory  No 

Roof. "  draw  slate' ' ,  roof  coal ,  and  limestone.   . 

Coal,  bony 

Coal 

Mother  ooal 

CoaU 

Mother  ooal 

Coal 

Shale,  black 

Coal 

Coal,  bony 

Mother  oial  or^BOlphiir" 

Coal 

Coal  with  streaks  of  mother  ooal  and  "sulphur" 

"Sulphur"  band 

Coal  streaked  with  bony  ooal , . . . 

Floor,  underclay  and  limestone. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


A 

1 
1 
1 

14486     1 

Ft. 

in. 

0 

7 

0 

i 

0 

1 

0 

i 

1 

1 

•  ■ 

m   m 
m   • 

m  m 
m  m 

1 

2 

0 

0 

4 

•  • 

0 

7 

4 

8i 

4 

1 

B 

14487 
Ft.   in, 

0       3 

0 

0 

0 

0 

0 
aO 

0 

0 

0 

0 

0 
aO 

0 


5 

? 
.* 
If 

8 


t  3 


a  Not  Included  In  sample. 

Section  A  (sample  14486)  was  measured  at  the  face  of  the  second  south  air  course, 
2,050  feet  southeast  of  the  shaft. 

Section  B  (sample  14487)  was  measured  at  the  face  of  room  3  off  right  entry  2  off  north 
entry  2,  at  a  point  1,700  feet  northeast  of  the  shaft. 
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A  compoeite  sample  wu  made  by  combining  nunplefl  14486  and  144S7.  The  rMolte 
of  an  ultimate  analjrsis  of  this  sample  are  given  under  laboratory  No.  14488. 

Notes. — The  Panama  mine  is  opened  by  a  shaft  138  feet  deep.  The  coal  is  mined  by 
the  room-and-piUar  system.  At  the  time  of  sampling  the  coal  was  undercut  with 
electric  coal  cutting  machines  and  broken  down  with  black  powder.  The  ma- 
chine cuttings  were  loaded  out  with  the  coal.  About  85  per  cent  of  the  coal  passed 
thiou^  the  screens.  The  screening  plant  consisted  of  bars  12  feet  long  with  11  and 
}  inch  openings.  No  pickers  were  employed  on  the  cars  or  belt.  The  lumps  were 
small.  There  were  two  loading  tracks  with  a  capacity  of  15  loaded  cars.  Approxi- 
mately 3,000  acres  remained  to  be  mined.  Tlie  probable  lifetime  of  the  mine  w»8  30 
years.    The  miiTimniw  day's  run  was  650  tons.    Avenge  daily  output,  450  tons. 

KBROBR  OOUXTT. 

Crystal.    Godfrey  Mine. 

Scanple. — Semibituminous  coal;  Norfolk  A  Western  field;  analyses  Noe.  14258, 14259, 
and  14261  (p.  122). 

Mine, — Godfrey,  Pocahontas  district,  a  drift  mine  i  mile  southeast  of  Crsrstal  on  the 
Wenonah  branch  of  the  Norfolk  &  Western  Railway. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  age,  PottsviUe  formation.  Avenge 
thickness,  4  feet  6  inches;  dip,  1)  per  cent  northwest.  Koof,  smooth  gray  shale;  floor, 
hard  fire  clay.  Material  from  the  roof  and  floor  does  not  become  mixed  with  the  coal 
in  mining.    Covw,  150  to  200  feet. 

The  coal  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  D.  J.  Price, 
July  2, 1912,  as  described  below: 

Sectumi  of  coal  bed  in  CMfrey  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

"Sulphur'' band 

Coal 

Bone 

Coal 

Floor.  Are  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


A 

B 

M96B 

142» 

Ft,  hi. 

Ft.  in. 

1     S 

1    10 

a6      1 

tt  •         •  • 

0     5 

■  •             mm 

«e    4 

•  0     3 

1  11 

2     3 

4      U 

4      3 

3      7 

4      0 

ru  in. 

1      2 
«0 

0 
«0 

2 


1 
6 
S 

7 


4      7 
4      3 


a  Not  Included  in  sample. 

Section  A  (sample  14258)  was  measured  on  the  pillar  of  right  entry  2,  1,100  feet 
northeast  of  the  mine  mouth. 

Section  B  (sample  14259)  was  measured  in  room  3,  left  heading  2,  off  the  old  main 
entry,  700  feet  southeast  of  the  mine  mouth. 

Section  C  (sample  14261)  was  measured  at  the  face  of  room  4,  next  to  *' Crystal." 

A  composite  sample  was  made  by  mixing  samples  14258  and  14259.  The  remits  of 
an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14200. 

Notes. — ^The  Godfrey  mine  is  opened  by  drift  entry  and  the  coal  mined  by  the  room- 
and-pillar  system. 

At  the  time  the  mine  was  visited  the  coal  was  undercut  by  hand  and  shot  down  with 
FFF  black  powder.  About  20  per  cent  of  the  coal  mined  was  from  advance  w(^ldngB 
and  the  remainder  was  from  pillars.  All  of  the  coal  was  shipped  as  run-of-mine  and 
pickers  were  employed  on  the  cars  in  loading.  The  tipple  was  about  5,000  feet 
from  the  mouth  of  the  mine .  The  distance  from  the  foot  of  the  incline  to  the  tipple  was 
about  2,000  feet.  The  loading  track  had  a  capacity  for  14  empty  and  17  loaded  cars. 
Daily  production,  100  tons.  There  was  approximately  40  acres  of  unmined  coal  tribu- 
tary to  this  entry. 
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Goodwill.    Goodwill  Minb. 

Sample, — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14163, 14164, 14166, 
14166,  and  14167  (p.  123). 

Mine. — Goodwill;  Norfolk  and  Western  district;  a  drift  mine  in  Goodwill  township, 
i  mile  northeast  of  Goodwill  on  a  branch  of  the  N(Mrfolk  &  Western  Railway. 

Coal  bed, — Pocahontas  No.  3.  Carboniferous  age,  Pottsville  formation.  Average 
thickness  4  feet  8  inches;  dip,  2  per  cent  northwest.  Rolls  occur  in  the  bottom  of  the 
coal,  but  no  faults  or  horsebacks  are  encountered .  The  roof  is  a  *  *  draw  slate' '  *  8  inches 
thick,  overlain  with  sandstone;  the  floor  is  a  smooth  shale  about  15  inches  thick,  below 
which  there  is  a  small  amount  of  coal  and  sandstone.  Pbrticlee  of  the  roof  do  not  mix 
with  the  coal,  although  a  small  amount  of  the  shale  bottom  becomes  mixed  with  the 
coal  in  mining.    Cover  at  points  of  sampling,  300  to  400  feet. 

The  coal  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  D.  J.  Price  on 
June  24  and  25, 1912,  as  described  below: 

Sections  of  coal  bed  in  Goodtvill  mine. 


Sectioo 

LaboratoiT  No. 

Roof,  sanastooe. 

Coal 

Bone  and  ''sulphur  " 

Coal 

Floor,  shale. 

Thfckness  of  bed 

Thfckness  of  coal  sampled 


a  Not  included  in  sample. 


A 

B 

C 

14163 

141M 

14166 

Ft.   M. 

Ft,  M. 

Ft.   in. 

1      1 

1      li 

1      4 

aO      5 

aO      6 

oO      5 

3     3 

3      2i 

2      9 

4      9 

4      9 

4      6 

4      4 

4      4 

4      1 

D 

14166 

Ft.  in, 

1  3 
oO      4} 

2  10 

^      f* 
4      1 


Section  A  (sample  14163)  was  measured  at  the  face  of  room  16,  eighth  left  cross  entry, 
3,700  feet  north  of  drift  mouth  No.  3. 

Section  B  (sample  14164)  was  measured  at  the  foce  of  room  3,  off  second  croHPout  off 
Smith 's  entry,  3,000  feet  northeast  of  drift  mouth  No.  3. 

Section  G  (sample  14165)  was  measured  at  the  face  of  the  first  crosscut  off  Nichol  's 
entry,  2,850  feet  east  of  drift  mouth  No.  2. 

SectiMi  D  (sample  14166)  was  measured  on  a  pillar,  2,400  feet  east  of  drift  mouth 
No.  2. 

A  composite  sample  was  made  by  c<mbining  pillar  sample  14166  and  face  samples 
14163,  14164,  and  14165.  The  ultimate  analysis  of  this  sample  is  represented  by 
laboratory  No.  14167. 

Notes, — ^The  Goodwill  mine  is  opened  by  3  drift  entries  2,388  feet  above  sea  level.^ 
The  coal  is  mined  by  the  room-and-pillar  method.  At  the  time  of  sampling  the  coal 
was  undercut  by  hand  and  electric  shcHrt  wall  machines.  The  undercuttings  were 
loaded  out  with  the  coal.  The  coal  was  broken  down  with  FFF  black  blasting  powder 
and  a  permissible  powder  was  used  for  brushing  the  floor  and  roof.  Although  all  the 
coal  was  shipped  as  nm-of-mine,  the  tipple  was  equipped  with  screens  as  follows: 
Bars  8  by  12  feet  with  3-inch  openings,  and  8  by  12  feet  with  f-inch  openings. 
Pickers  were  employed  on  the  cars  in  loading.  .  The  screens  were  not  washed  or 
coked.  The  loading  track  had  a  capacity  for  12  empty  and  15  loaded  cars.  The  mine 
was  being  run  at  its  capacity,  350  tons  per  day.  About  50  per  cent  of  the  coal  came 
from  advance  workings  and  50  per  cent  from  pillars.  There  was  about  400  acres  of 
coal  to  be  taken  out  from  the  three  openings. 

•For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  1023-1024. 
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Goodwill.    Louisvillb  No.  1,  No.  2,  and  No.  3  Mines. 

Samples. — SemibituminouB  coal;  Pocahontas  field;  analyses  Nos.  14191, 14192, 14193, 
14194,  14195,  14196,  14206,  and  14207  (p.  123). 

Mines. — Lomsville  Nos.  1,  2,  and  3;  Norfolk  &  Western  district;  drift  mines  in  Good- 
will township.  Mines  1  and  2  are  }  mile  northwest  and  No.  3  is  1  mile  northwest  of 
Groodwill  station  on  the  Flipping  Creek  Branch  of  the  Norfolk  &  Western  Railway. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  age,  Pottsville  formation.  Average 
thickness,  4  feet  8  inches,  dip  2  per  cent  northwest.  The  roof  is  a  "draw  slate' '  which 
is  smooth  and  does  not  become  mixed  with  the  coal  in  mining.  The  *  'draw  slate'  * 
is  8  inches  to  4  feet  thick,  above  which  is  a  sandstone  cap  rock.  The  floor  Is  a  smooth, 
fairly  hard  shale  in  which  are  thin  streaks  of  coal.  Cover  at  points  of  sampling,  200  to 
400  feet. 

The  coal  bed  was  measured  and  sampled  at  one  point  in  No.  1  mine,  at  four  points 
in  No.  2  mine,  and  at  two  points  in  No.  3  mine  by  G.  H.  Deike  on  June  24,  1912,  as 
described  below: 

Sections  of  coal  bed  in  Louisville  No.  ly  No.  f,  and  No.  .^  mines. 


Section 

Laboratory  No 

Roof,  sandstone. 

Coal,  streaked  with  mother 
coal 

"Sulphur"  band 

Coal 

Coal,  bony 

Coal 

Coal,  gray 

Coal 

Coal,  gray 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . . 


A 

B 

C 

D 

E 

F 

14191 

14192 

14193 

14194 

14195 

14306 

Ft.  in. 

Ft.   in. 

Ft.   in. 

Ft.  in. 

Ft.   in. 

Ft.   in. 

1     1 
aO       i 

1      1 
aO 

aO 

I      24 

1      2 
CO       i 
aO        1 

1      1} 

aO 

■  •          ■  • 

aO 

aO 

•  •            •  • 

aO 

aO      4^ 

aO     3 

oO      3 

aO      2} 

aO      3 

AG      3 

■  «          •  ■ 

1      4 

0      5 

1      0 

0      8 

2      6 

■  ■           •  • 

0      i 

0      i 

0      h 

0       J 

0       k 

»  «           •  • 

0      6 

«  «         «  • 

•   •              »   m 

0    11 

m   .             •  • 

. 

0      h 

•  ■         •  • 

•   »             a  ■ 

?n} 

3      2 

1      2 

2      7i 

2      2} 

0      9 

4      8 

4      64 

\  n 

4      8 

5      1 

4      9 

4      3 

4      2i 

4      5§ 

4      9 

4      5 

o 

14307 

Ft,   in. 
1       0 


AG 


4 
4 


10 
5 


a  Not  included  in  sample. 

Section  A  (sample  14191)  was  measured  at  the  face  of  the  main  entry,  5,400  ieet 
northeast  of  mouth  of  No.  2  mine. 

Section  B  (sample  14192)  was  measured  at  the  face  of  room  19,  off  left  heading  9. 
5,700  feet  northeast  of  mouth  of  No.  2  mine. 

Section  0  (sample  14193)  was  measured  on  the  rib  of  room  14,  off  left  heading  6, 
4,500  feet  northeast  of  mouth  of  No.  2  mine. 

Section  D  (sample  14194)  was  measured  on  the  rib  of  room  13,  off  left  heading  4, 
3,000  feet  northeast  of  mouth  of  No.  2  mine. 

Section  E  (sample  14195)  was  measured  on  the  barrier  pillar  between  the  second 
left  air  course  and  second  left  pillar,  1,500  feet  northwest  of  mouth  of  No.  3  mine. 

Section  F  (sample  14206)  was  measured  at  the  face,  1,960  feet  northeast  of  mouth  of 
No.  3  mine. 

Section  G  (sample  14207)  was  measured  on  the  pillar  of  main  entry,  900  fieet  north- 
east of  mouth  of  No.  1  mine. 

A  composite  sample  was  made  by  mixing  samples  14191,  14192,  14193,  14194,  14195, 
14206,  and  14207.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under 
laboratory  No.  14196. 

Notes. — The  mines  are  opened  by  drifts  and  the  coal  is  mined  by  the  room-and- 
pillar  system.  At  the  time  the  mine  was  visited  electric  coal  cutters  were  used  for 
undercutting  the  coal;  FFF  black  powder  was  used  for  breaking  down  the  coal  and  a 
permissible  explosive  for  brushing  the  roof.  About  20  per  cent  of  tlie  coal  was  shipped 
as  run-of-mine  and  25  per  cent  as  slack.  The  screening  plant  had  one  shaking  screen 
with  5-inch  openings  and  one  bar  scr^n  with  3-inch  opening:^.    The  smaller  coal 
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was  run  over  a  bar  screen  with  openings  of  1  inch  to  l\  inches.  Pickers  were  employed 
on  the  cars  in  loading.  The  washery  had  a  daily  capacity  of  1,200  tons.  The  screen- 
ings were  coked.  The  coking  plant  had  a  capacity  of  125  tons  per  day.  There  were 
two  loading  tracks  with  a  capacity  for  50  empty  cars  and  20  loaded  cars.  The  storage 
bins  had  a  capacity  for  150  tons.  The  coal  when  loaded  on  the  cars  had  a  good 
appearance  and  the  lumps  were  large.  There  was  approximately  400  acres  of  unmined 
coal  tributary  to  these  openings.  About  40  per  cent  of  the  coal  mined  was  from  the 
advance  workings.     Daily  output,  1,000  tons. 

Matoaka.    Pawaha  No.  1  and  No.  2  Mines. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14231,  14232, 
14233,  14234,  14235,  14236,  and  14237  (p.  123). 

Mine. — Pawama  No.  1  and  No.  2;  Norfolk  &  Western  district;  drift  mines  at  Matoaka, 
on  the  Norfolk  &  Western  Railway  and  near  the  Virginia  Railway. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  age,  Pottsville  formation.  Avciugc 
thickness,  4  feet  4  inches;  dip,  1  J°  northwest.  There  are  no  faults,  rolls,  or  horsebacks. 
There  is  a  characteristic  bone  parting  about  3  inches  thick  near  the  middle  of  the 
bed .  The  roof  consists  of  12  inches  of  '  *  draw  slate, ' '  which  was  shot  down  after  loading 
out  the  coal.  Floor,  soft  smooth  underclay.  Cover  at  points  of  sampling,  150  to  175 
feet. 

The  coal  bed  was  measured  and  sampled  at  five  points  in  the  mines  by  J.  J.  Rut- 
ledge  and  D.  J.  Price  on  July  1,  1912,  as  described  below: 

Sections  of  coal  bed  in  Paivama  No.  1  and  No.  2  mines. 


Section 

liftboratoiy  No 

RooL  gray  shale. 

'<  Sulphur  "  and  bone 

Coal 

Bone 

Coal 

Floor,  underclay. 

Thickness  of  bed 

Thickness  of  coal  .sampled . 


No.  2  mine. 


A 

14231 

Ft.  in. 


1 
aO 

0 
aO 

2 

4 
4 


0 

1 

7 

7 

4i 
2 


I 


B 

14232 

Ft.  in. 

1  0 
aO 

0    8| 
oO    2 

2  41 

4    3f 
4    1 


C 

14233 

Ft.  in. 


0 
aO 

0 
aO 

2 

4 
4 


10 
I 

7 

t 

5i 
0 


No.  1  mine. 


D 

14235 

Ft.  in. 


0 
aO 

0 
aO 

2 

4 

4 


1(H 
3 
9 
4 
5 


E 

14236 

Ft.  in. 


1 
ttO 

0 
aO 

2 


0 
2 

a" 

2 


^ii 


4      5 
3    IH 


o  Not  Included  in  sample. 

Section  A  (sample  14231)  was  measured  at  the  face  of  the  Roanoke  heading,  2,060 
feet  southwest  of  the  drift  mouth  of  No.  2  mine. 

Section  B  (sample  14232)  was  measured  at  the  face  of  the  main  entry,  2,600  feet 
southwest  of  the  drift  mouth  of  No.  2  mine. 

Section  G  (sample  14233)  was  measured  at  the  face  of  room  20,  off  Norfolk  entry, 
2,300  feet  southwest  of  the  drift  mouth  of  No.  2  mine. 

A  composite  sample  was  made  by  combining  and  mixing  samples  14231,  14232, 
and  14233.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  labora- 
tory No.  14234. 

Section  D  (sample  14235)  was  measured  on  pillar  of  room  14,  off  Walker  heading, 
1,000  feet  north  of  the  drift  mouth  of  No.  1  mine. 

Section  E  (sample  14236)  was  measured  on  pillar  on  Godfrey  heading,  1,520  feet 
southwest  of  the  drift  mouth  of  No.  1  mine. 

A  composite  sample  was  made  by  mixing  pillar  samples  14235  and  14236.  The 
results  of  an  ultimate  analjrsis  of  this  sample  are  given  under  laboratory  No.  14237. 

Notes. — The  Pawama  mines  are  opened  by  a  drift  about  2,600  feet  above  sea  level 
and  are  worked  by  the  room-and-pillar  system.  At  the  time  of  sampling  the  coal  was 
undercut  by  hand  and  broken  down  with  FFF  black  blasting  powder.    About  80 
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per  cent  of  the  coal  was  shipped  as  run-K^f-ndiie.  The  ramainder  was  passed  over 
bar  screens  12  feet  long  with  4-inch  openings.  Pickers  and  trimmers  were  employed 
on  the  can.  There  were  two  loading  tracks  with  a  capacity  of  18  empty  cars  and  14 
loaded  can.    Daily  output,  450  tons,  with  a  mayimum  day's  run  of  700  tons. 

Mora.    Crane  Creek  No.  1  and  No.  2  Mines. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nob.  W32517,  W32518, 
W32519,  W32520,  W32600,  W32601,  W32602,  and  W32e03  (pp.  124, 125). 

Mine. — Crane  Creek  No.  1  and  No.  2,  Norfolk  &  Western  district,  slope  mines,  i 
mile  west  of  Mora  on  the  Pocahontas  division  of  the  Norfolk  dt  Western  Railway. 

Coal  bed. — Known  as  Pocahontas  No.  3.  CarboniferouB  (Pottsville)  age,  Pocahontas 
formation.  Thickness,  4  feet  to  6  feet  6  inches.  Roof,  sandstone  and  shale;  floor, 
shale.  A  ''rash''  1  to  4  inches  thick  overlies  the  coal;  this  is  removed  from  all  run- 
of-mine  coal  at  the  tipple  by  passing  the  coal  over  3-inch  screens.  The  coal  torn 
this  bed  is  of  very  good  quality,  and  can  easily  be  cleaned  from  partings. 

The  coal  bed  was  measured  and  sampled  at  eight  points  in  the  mine  on  July  19  and 
20,  1912,  by  P.  M.  Riefkin,  as  described  below: 

Sections  of  coal  bed  in  Crane  Creek  No.  1  mine. 


Section 

Laboratory  No 

Roof,  sandstone  and  shale. 

Coal,  hard,  gray 

Coal 

Bony  coal  to  "sulphur" 

Coal 

Coal ,  hard ,  gray 

Mother  coal 

Coal 

Shale .- 

Mother  coal 

Coal 

Bony  coal  to  shale 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


B 

C 

W32518 

W32S19 

Ft.    in. 

ru    in. 

•  •         •  • 

0     4 

0    9 

0      7| 

aO    2 

aO        1 

0    7 

0    11} 

0    3} 

«  *         -  • 

•  *             «  a 

0      i 

2    5 

0      8 

oo    2| 

•  •          •  • 

«  ■         •  • 

0      k 

0    31 

1  Hi 

a  *             tt  ■ 

aO      4 

*  •             •   • 

0      8 

4    9 

5      7% 

*    4* 

5      8    ' 

1 

D 

wsasso 

FL    in. 

'6    10 
•  0     1| 
3     H 


4     5 
4      3J 


a  Not  included  in  sample. 

Section  A  (sample  W32517)  was  measured  at  the  face  of  the  main  heading. 

Section  B  (sample  W32518)  was  measured  at  the  tiice  of  eighteenth  cross  air  course. 

Section  C  (sample  W32519)  was  measured  on  the  pillar  beyond  the  second  cut- 
through  in  room  11  off  cross  entry  16. 

Section  D  (sample  W32520)  was  measured  on  the  pillar  beyond  the  second  cut- 
through  in  room  21  off  cross  entry  6,  off  the  main  heading. 

Sections  of  coal  bed  in  Crane  Creek  No.  2  mine. 


Section 

lAboratorr  No 

Roof,  sandstone  and  shale. 

Muck 

Coal 

Mother  coal  (hard) 

Coal 

Coal,  bony 

Coal 

Coal,  hard  ^  gray 

Coal » 

Mother  coal,  hard, -to  shale 

Coal 

Mother  coal,  bard,  bony... 

Coal 

Floor,  fire  clay  and  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


A 

B 

C 

wsseoo 

waaooi 

waatoa 

Ft.    in. 

Ft.    in. 

Ft,    in. 

«0   2 

•  •             a   • 

a  •             a  a 

0    b\ 

0      \ 
0    5 

0    1(H 

0   9i 

•  «             •  a 

•  «            a  > 
mm              •   a 

oO    1 

aO      3 

•nil 

"^ 

2     0 

0     4 

0    3 

3    6 

1      2 

2    7J 

aO    1 

•  0      2 

Stnak. 

•  •             •  a 

■   a             •  • 

0    1 

•   »             «   • 

•  •             •  a 

«0   2 

aO    4 

0     5i 

0   5i 

5  4 

5      3 

&     1 

4    10 

4    9 

D 
WSUB 

FL    in. 


•  0 
0 
0 
0 

«o 

0 

0 


3 

8 

•I 

3 
7 
2 

I    8J 
0    1 


aO 
0 


i 


4    H 

4    t 


0  Not  included  in  sample. 
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section  A  (sAB^le  WSSiGOO)  was  meamired  in  a  pocket  above  the  ^cond  cut- 
through  in  room  4,  off  croflB  entry  3. 

Section  B  (sample  W32fl01)  was  measured  at  the  face  ol  room  14,  off  Allegheny  entry. 

Section  G  (sample  W32602)  was  measured  on  a  chain  pillar  between  rooms  21  and  22, 
off  Blue  Ridge  entry. 

Section  D  (sample  W32603)  was  measured  at  the  face  of  room  13,  off  Bryant  entry. 

NoUs.-^The  Crane  Creek  No.  1  and  No.  2  mines  dumped  coal  over  the  same  tipple. 
At  the  time  of  sampling  the  coal  in  these  mines  was  undercut  by  hand  with  picks  in  the 
bottom  part  of  the  seam,  and  shot  down  with  black  powder.  The  tipple  was  con- 
structed of  wood  and  steel,  and  equipped  with  a  3-inch  bar  screen,  a  2-inch,  l^inch, 
1-inch  and  {-inch  revolving  screen,  and  a  picking  table.  The  inspection  and  prepa- 
ration of  this  coal  wss  exceptionally  good;  all  coal  passing  over  the  4-inch  screen  was 
shipped  as  run-of-mine  coal,  and  passed  over  a  picking  table  before  going  into  the  rail- 
road cars.  The  commercial  sizes  as  shipped,  besides  run-of-mine,  were  egg  and  stoker 
coal .  All  of  the  coal  which  paswd  through  the  {-inch  mesh  of  the  revolving  screen  was 
washed.    The  washed  coal  was  not  shipped,  but  was  coked . 

The  averag3  output  of  the  two  mines  was  1,000  tons  per  day,  with  a  daily  capacity 
of  1,750  tons.    The  unmined  area  was  about  3,800  acres. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine,  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  1026-1027. 

Mora.    Pinnacls  Minb. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Noe.  W32604,  W32605» 
W32606,  W32607,  W32608,  and  W32609  (p.  125). 

Mine. — ^Pinnacle;  Norfolk  &  Western  district;  a  slope  mine;  1  mile  north  of  Mora 
on  the  Pocahontas  division  of  the  Norfolk  &  Western  Railway. 

Coal  bed, — Known  as  Pocahontas  No.  3.  Carboniferous  (Pottsville)  age,  Pocahonta, 
formation.  The  coal  in  this  mine  is  4  to  5  feet  •6  inches  thick.  Roof  and  floor  goods 
a  '  'rash  "  1  to  4  inches  thick  overlies  the  coal;  this  is  eliminated  from  run-of-mine  coal 
at  the  tipple  by  bar  screens.  The  coal  from  this  bed  is  of  a  good  quality  and  can  easily 
be  cleaned. 

The  coal  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  P.  M.  Riefkin 
on  July  21,  1912,  as  described  below: 

Sections  of  coal  bed  in  Pinnacle  mine. 


Sectioii 

LabontoiT  No 

Roof,  ihale  and  aandatooe. 

Muck  ind  "draw  slate". . 

Coal,  gray 

Ck»l 

liofChercoal 

"Solpliur" 

Coal,  bony 

Coal 

Mothflf  coal,  hard,  bony... 

Coal 

Coal,  bony 

Coal 

MoUMTooal 

Floor.  shalB. 

Thlcknen  of  bed 

Thickness  of  coal  sampled. 


A 

W320O4 

Ft.    in. 

aO      1 


1      3i 


aO      2 
1      »i 


?  4 


3    111 


B 

W3a605 

Ft.    *H. 

oO      li 


0    11 
0 


0  U 

0  i 

0  3 

OO  8 

0  I 

4  4i 

4  0 


C 
W32606 
Ft.    in. 

i    '6 


00     3 
3     3 


4     8i 
4      3 


D 

W3aeo7 

Ft.    in. 
no     3 

0   io 

'6    *5i 


3      0 


4   n 

4      4 


E 
W32608 
Ft.    in. 
oO     u 


0 
0 


5 


0     &k 


00     2 
2    11 


4     H 
4      4 


F 

W32aoe 

Ft.    in. 
oO     1 


0    11 
0 
oO      1 


\ 


0     2 


oO 
3 


■Jl 


4    U 
4      6 


o  Not  taieluded  fai  sample. 

Section  A  (sample  W32604)  was  measured  at  the  face  of  cross  entry  2,  north  mine. 
Section  B  (sample  W32605)  was  measured  at  the  face  of  the  north  main  heading. 
Section  C  (sample  W32606)  was  measured  at  face  of  a  pocket  in  the  first  pillar  of  room 
25,  cross  entry  2,  off  main  heading. 
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Section  D  (sample  W32607)  was  measured  at  the  face  of  cut-through  off  Gubaentry* 
off  the  second  main  heading. 

Section  E  (sample  W32606)  was  measured  at  the  face  of  main  heading  2. 

Section  F  (sample  W32609)  was  measured  on  a  pillar  of  room  16,  off  cross  entry  4,  off 
the  first  main  heading. 

Notes. — At  the  time  of  sampling  the  coal  in  this  mine  was  undercut  in  the  bottom 
part  of  the  seam  by  hand  with  picks,  and  shot  down  with  black  powder.  The  tipple 
was  constructed  of  wood  and  equipped  with  a  3-inch  bar  screen  and  a  2-inch,  l^-inch, 
1-inch,  and  (-inch  revolving  screen,  washer,  and  picking  table.  The  inspectitm 
and  preparation  of  the  coal  for  the  market  was  exceptionally  good.  The  coal  was 
picked  on  a  picking  table  and  on  the  cars  after  passi ng  over  the  4-inch  bar  screen.  The 
coal  that  passed  through  the  4-inch  screen  fell  into  the  revolving  screen,  and  the 
screened  coal  was  shipped  as  egg  and  stoker  coal.  All  the  coal  that  passed  through  the 
1-inch  mesh  re  vol  vi  ng  screen  was  washed .  Very  little  of  the  washed  coal  was  shipped , 
practically  all  of  it  being  coked.  Average  daily  output,  1,000  tons,  with  a  capacity  of 
1,600  tons  per  day.    The  unmined  area  was  about  1 ,700  acres. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  BuUetiD 
22,  Bureau  of  Mines,  1913,  pages  1027-1028. 

Mora.    Sagamore  No.  1  and  No.  2  Miner. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14250, 14251, 14252, 
14253,  14254,  14255,  14256,  and  14257  (p.  125). 

Mine. — Sagamore  No.  1  and  No.  2;  Norfolk  and  Western  district;  drift  mines  1  mile 
west  and  1  mile  east  of  Mora,  respectively,  both  on  the  Crane  Creek  branch  of  the 
Norfolk  &  Western  Railway. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  (PottsviUe)  age,  Pocahontas  formation. 
Average  thickness  of  bed  in  No.  1  mine  about  5  feet,  in  No.  2  mine  about  4  feet  6 
inches.  Roof,  smooth,  dark,  soft,  sandy  shale,  10  to  24  inches  thick.  Floor,  light- 
gray  shale,  smooth,  and  ^drly  hard.  Occasionally  a  small  amount  of  the  roof  material 
becomes  mixed  with  the  coal,  but  none  of  the  floor  is  broken  loose  during  mining  opera- 
tions.   Cover  at  points  of  sampling,  250  to  400  feet. 

The  cool  bed  was  measured  and  sampled  at  three  points  in  No.  1  mine  and  at  four 
points  in  No.  2  mine  by  H.  I.  Smith  and  G.  H.  Deike,  July  2, 1912,  as  described  below: 

Sections  of  coal  bed  in  Sagamore  No.  1  mine. 


Section  • <• 

Laboratory  No 

Roof,  aanay  shale. 

Coal 

Coal,  bony 

Coal 

Coal,  gray • 

Coal 

CoaLgray 

Coal 

Mother  ooal 

Coal 

"Rash" 

Coal  (streaked ) 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

14260 

14261 

Ft.   in. 

i^   <n. 

0     9 

0     0 

oO     4 

•  0     3i 

•  •        «  « 

0     0 

•  ♦        •  • 

0     1| 

•  ■        ■  • 

0    e 

•  •        •  • 

0       i 

8     2 

2     1 

•  •         •  • 

•  6    i 

•  0      6 

..   .. 

0      6 

S     0 

5      6| 

3    11 

4      0 

C 

1 

14252 

i^. 

in. 

0 

10 

«0 

6 

0 

9 

0 

Ih 

•  • 

2 

6 

0 

1 

0 

6 

aO 

6 

0 

8 

5 
4 


11 
11 


a  Not  iooluded  In  sample. 


Section  A  (sample  14250)  was  measured  at  the  face  of  the  main  straight  entry  U,  2,250 
feet  northwest  of  the  mine  mouth. 

Section  B  (Hample  14251)  was  measured  at  the  face  of  G-1  heading,  2,250  feet  we^t  of 
the  mine  mouth. 


WEST  VIRGINIA:  MEBCEB  COUNTY. 


375 


Section  C  (sample  14252)  was  measured  at  the  face  of  room  11  off  G-2  heading,  1,900 
feet  southwest  of  the  mine  mouth. 

Sectwna  of  coal  bed  in  Sagamore  No.  t  mine. 


Section 

Labontcnnr  No 

Roof,  sandy  shale. 

Coal 

Coal,  way 

"St^ur^band 

Coal 

"Sulphur ''band 

Bone 

Coal 

Coal,  gray 

Coal 

Mother  ooaJ 

Coal 

Floor,  shale. 

Thickness  orbed 

Thickness  (A  coal  sampled 


A 

14253 

Ft.   <n. 

0     4 

0     2 

S  1 

aO      4 


2      3 


4 


4      6 
4      2 


B 
14254 
Ft.    in. 
1     0 


aO 

aO 

0 

0 

2 


3 
7 

3r 
2 


t  3 


c 

14265 

Ft.    in. 

0     3 

0     2 


0 
aO 
aO 
0 
0 
2 


7 

!• 

3 
4 


4      6 
4      2 


D 
14266 
Ft.    in. 
0   lU 


0 
0 

■  • 

0 
0 
0 

I 

0 
0 


"4 

3 
9 

4 


4      6 
4     6 


a  Not  Included  in  sample. 

Section  A  (sample  14253)  was  measured  at  the  face  of  H-8  entry,  2,550  feet  southeast 
of  the  mine  moutii. 

Section  B  (sample  14254)  was  measured  at  the  face  of  G-6  entry,  2,300  feet  south- 
west of  the  mine  mouth. 

Section  C  (sample  14255)  was  measured  at  the  face  of  G-8  entry,  2,550  feet  south  of 
the  mine  mouth. 

Section  D  (sample  14256)  was  measured  at  the  face  of  the  straight  H  air  course, 
2,350  feet  southeast  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14250  to  14256,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14257. 

Notes. — ^The  Sagamore  mines  are  opened  by  drift  entries  and  the  coal  is  mined  by 
the  room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  by  electric 
chain  machines  and  by  hand .  FFF  black  powder  was  used  for  breaking  down  the  coal 
and  a  permissible  explosive  for  brushing  the  roof.  About  30  per  cent  of  the  coal  was 
shipped  as  nm-of-mine.  The  screening  plant  was  equipped  with  shaking  screens 
5  by  12  feet  with  openings  4  by  6  inches.  About  75  per  cent  of  the  coal  passed  through 
this  screen.  The  smaller  sizes  of  coal  were  run  over  shaking  screens  5  by  20  feet, 
with  holes  3  inches,  1 J  inches,  and  1  inch  in  diameter.  There  were  two  belt  conveyors 
at  which  a  number  of  pickers  were  employed.  The  screenings  were  washed,  yielding 
coal  of  a  maximum  size  of  1)  inches  and  producing  nut  and  slack  coal.  The  washery 
had  a  capacity  of  600  tons  per  day.  There  were  3  loading  tracks  with  a  capacity 
of  40  empty  and  50  loaded  cars  and  storage  bins  for  200  tons.  The  tipple  and  washery 
equipment  was  very  complete  and  the  preparation  for  market  was  thoroi^h.  The 
coal  being  loaded  was  chiefly  in  large  lumps  which  had  a  good  appearance.  Daily 
output  of  the  two  mines,  800  tons.  There  was  about  3,000  acres  of  unmined  coal, 
a  lafge  part  of  which  was  tributary  to  the  two  mines.  About  30  per  cent  of  the  output 
was  from  advance  workings  and  the  remainder  from  pillars. 


Wbyanoke.    Weyanokb  No.  1  and  No.  2  Mines. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14224,  14225, 
14226, 14227, 14228, 14229,  and  14230  (p.  126). 

Mine. — Weyanoke  No.  1  and  No.  2,  Norfolk  &  Western  district;  drift  mines  about 
one>fourth  mile  north  of  Weyanoke  station  on  the  Wenonah  branch  of  the  Norfolk  & 
Western  Railway. 

47664°--Bull.  85—14 25 
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Coal  bed. — ^Pocahontas  No.  3.  CarboniferouB  (Pottsville)  age,  Pocahontas  fonnation. 
Average  thickness,  4  feet.  There  are  no  faults  or  horsebacks,  bat  there  are  occaaoDfll 
rolls  and  local  dips.  The  cleat  is  well  marked.  The  roof  consists  of  about  8  inches 
of  ''draw  slate,"  which  is  taken  down  after  loading  out  the  coal.  Above  the  "draw 
slate"  is  a  main  cap  rock.  Particles  of  the  roof  sometimes  got  mixed  with  the  coal. 
The  floor  consists  of  8  to  10  inches  of  dark  shale,  under  which  is  4  inches  of  coal;  under 
the  coal  is  sandstone.    Ck)ver,  300  to  400  feet. 

The  coal  bed  was  measured  and  sampled  at  4  points  in  No.  1  mine  and  at  2  points  in 
No.  2  mine  by  H.  I.  Smith  and  G.  H.  Deike  on  July  1,  1912,  as  described  below: 

Sections  of  coal  bed  in  Weyanole  No.  1  and  No,  t  mines  at  Weyanoke, 


Section. 

Laboratory  No 

Roof,  shale. 

Gaimel  (cube)  coal 

Coal 

Bone,  gray 

Coal 

Coal,gray 

Coal 

Mother  coal 

Coal 

Floor,  dark  shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled. 


A 

14224 
Ft.    M. 
CO       i 

1      0 


oO      2 


2  11 

3  11 


B 
1422S 

Ft.    in. 

oO     1 
0    10 

oO     1) 
0     4 
0     4 


2  4 

4        i 

3  10 


C 
14226 
Ft.    in. 
aO      i 

1    0 
•  0    2i 


3  3 

4  6 
4    3 


D 

14227 

Ft,   in. 


I 
0 
0 
0 
0 
0 
2 


1 
0 


1 


4      0 
3    11 


E 
14228 
FL    in. 


I 
9 


aO 

0 

0 

0    2 
•>0    2i 


1 


1 
0 
1 


4 

i 


4   H 
4    0 


F 
14230 
FL   in. 


aO 
1 

aO 
1 
0 


1 
0 
4 
9 


1      li 


4 
3 


4 

11 


a  Not  included  in  sample. 

Section  A  (sample  14224)  was  measured  at  the  face  of  room  11,  off  left  entry  9,  off 
main  heading  of  No.  1  mine. 

Section  B  (sample  14225)  was  measured  at  the  face  of  the  main  air  course  of  No.  1 
mine. 

Section  C  (sample  14226)  was  measured  at  the  &oe  of  room  22,  off  eighth  left  cross 
heading  of  No.  1  mine. 

Section  D  (sample  14227)  was  measured  at  the  face  of  rig^t  entry  3,  off  main  entry 
of  No.  2  mine. 

Section  £  (sample  14228)  was  measured  at  the  face  of  room  6,  off  left  entry  6  of 
No.  1  mine. 

Section  F  (sample  14230)  was  measured  on  pillar  of  last  crosscut  in  room  7,  off  second 
left  butt  entry  of  No.  2  mine. 

A  composite  sample  was  made  by  combining  and  mixing  samples  14224,  14225, 
14226, 14227,  and  14228.  The  results  of  an  ultimate  analjrsLs  of  this  sample  are  given 
under  laboratory  No.  14229. 

Notes. — The  Weyanoke  mines  are  opened  by  drifts  and  the  coal  is  mined  by  the 
room-And-pillar  system.  At  the  time  of  sampling  the  coal  was  top  cut  by  electric 
chain  machines  and  broken  out  with  FFF  black  blasting  powder;  x>ermissible  explo- 
sives were  used  for  brushing  the  floor  and  roof.  The  machine  cuttings  were  loaded 
out  with  the  coal.  None  of  the  coal  was  shipped  as  run-of-mine,  and  about  25  per 
cent  passed  through  bar  screens  16  feet  long  having  If-inch  openings.  Twelve  men 
were  employed  as  pickers  on  the  belt.  The  lumps  on  the  car  were  large  and  had  a 
good  appearance.  There  were  two  loading  tracks,  with  a  capacity  of  25  empty  cars 
and  30  loaded  cars.  Most  of  the  coal  was  shipped  for  domestic  purpoees.  The 
daily  output  of  both  mines  was  600  tons,  with  a  maximum  day's  run  of  1,000  tons. 
Ten  per  cent  of  the  coal  came  from  advance  workings  and  the  remainder  from  pillan. 
About  1,000  acres  remained  to  be  mined  through  the  existing  openings. 
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BiCHARD.    Elkins  No.  1  Minb. 

fempfe.— Bituminous  coalj  analysee  Nob.  W12204,  W19475,  W19476,  Wl»477, 
W19478,  and  W19479  (pp.  126,  127). 

Mine. — ^Elkins  No.  1;  Monongahela  district;  a  slope  mine  }  mile  northeast  of 
Richard,  on  the  Moigantown  &  Kanawha  Bailroad,  with  connections  to  the  Baltimore 
&  Ohio  Haihroad  at  Howlesbuig. 

Coal  hed. — ^Upper  Freeport.  Carboniferous  age,  Allegheny  formation.  Average 
thickness,  4  feet.  Koof,  low-grade  coal  about  3}  feet  thick,  overlain  by  sandstone; 
floor,  hard  clay  with  smooth  surface. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  S.  Pope, 
April  22, 1911,  as  described  below: 

Sections  of  coal  hed  in  Elkins  No.  1  mine. 


Section 

Laboratory  No 

Roof,  coal  and  sandstone. 

Ooal 

Mother  coal 

Coal 

Shale 

Coal 

"Sulphur" 

Coal 

Mother  coal 

Coal 

Coal  and  parting 

Floor,  hard  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


A 

B 

C 

D 

W19476 

W19476 

W19477 

W19478 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

0     8 
0 

2      7 

2     (^ 
0     1 

2     8 

•  •         •  • 

2     i 

•  •            «  a 

0     4 

•  •         •  • 

aO      1 

aO      U 

aO       1 

aO      2i 

0    Ui 

•  •         •  ■ 

0      3 
aO        1 

0      3} 

0        } 

0      4 

1      2 

1      1 

•  •         •  • 

•  •         •  • 

«  •         •  • 

•  •         •  • 

aO      1 

«  •         •  « 

•  •         •  • 

4       f 

3      7f 

4      2* 
4      ij 

3    lU 

3    lOi 

3      6 

3      9 

E 
W19479 
Ft.  in, 
2     R) 


aO      2i 
0     6 


•  •  •  • 

0  7} 

•  •  •  ■ 

3  icj 


a  Not  Included  in  sample. 

Section  A  (sample  W19475)  was  measured  at  the  face  of  the  fifth  right  "flat,"  4,200 
feet  northeast  of  the  drift  mouth. 

Section  B  (sample  W19476)  was  measured  at  the  face  of  butt  entry  8  off  fifth 
right  entry,  about  700  feet  from  the  main  entry. 

Section  C  (sample  W19477)  was  measured  at  the  face  of  first  right  heading,  4,200 
feet  from  the  drift  mouth. 

Section  D  (sample  W19478)  was  measured  at  the  face  of  butt  entry  11,  off  first 
right  entry,  750  feet  from  right  entry  1. 

Section  E  (sample  W19479)  was  cut  from  butt  entry  5,  off  fifth  ri^ht  **flat,"  1,400 
feetfrom  fifth  "flat.'' 

A  composite  sample  was  made  by  mixing  samples  W19475,  W19476,  W19477, 
W19478,  and  W19479.  The  results  of  an  ultimate  analysis  of  this  sample  are  given 
under  laboratory  No.  W12204. 

Notes. — ^The  Elkins  No.  1  mine  is  opened  both  by  drift  entries  and  a  slope.    At  the 

time  of  sampling  the  coal  was  undercut  by  hand  and  machines  and  shot  down  with 

black  powder.    There  were  two  loading  tracks  with  a  capacity  for  20  cars.    Pickers 

were  employed  on  the  cars  in  loading.    The  mine  was  equipped  to  produce  700 

tons  per  day.    Average  daily  output  425  tons,  the  laiger  part  of  which  was  from 

advance  workings.    There  was  about  500  acres  of  coal  tributary  to  this  and  other 

openings. 

PBESTON  COTJNTY. 

Masontown.    Elkins  No.  6  Mine. 

5cinpte.— Bituminous  coal;  analyses  Nos.  W19493,  W19494,  W19540,  and  W19541 
(p.  127). 

Mine. — ^Elkins  No.  6;  Monongahela  district;  a  drift  mine  at  Masontown,  on  the 
Morgantown  &  Kanawha  Kailroad  with  connections  to  the  Baltimore  &  Ohio  Kailroad 
at  Kowlesburg. 
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Coal  &eef.— Upper  Freeport.  Carbomferoiis  age,  Allegheny  fonnadon.  Avenge 
thicknesB,  4  feet.  Boof,  eihale,  bone,  and  dirty  coal,  overlain  by  sandstone;  floor, 
smooth  hard  fire  clay. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  G.  8.  Pope, 
April  24, 1911,  as  described  below: 

Sections  of  coed  bed  in  EVtins  No.  €  mine. 


Section 

Laboratory  No 

Roof,  shale,  bone,  dirty  coal  and  sandstone. 

Coal 

"Sulphur" 

Coal 

Mother  coal 

Coal 

Shale 

Coal 

Bone 

Coal 

Shale 

Coal 

Floor,  hard,  smooth  fire  clay. 

Thickness  of  bed 

Thi(^mess  of  coal  sampled 


A 

Ft.  in, 

I  1 

0  6 

0  I 

0  10 

aO  1 


0 
0 
0 
0 
0 


8 

* 


3    lit 


B 

W19494 

Ft.   in. 

1     9i 


C 

W19540 

Ft.    fo. 

2     0 


D 
W19541 
FL   in. 
3   8 


a  Not  Included  in  sample. 

Section  A  (sample  W19493)  was  measured  at  the  face  of  the  first  butt  heading,  600 
feet  from  the  third  ''flat,''  150  feet  from  the  main  entry. 

Section  B  (sample  W19494)  was  measured  at  the  face  of  the  third  right  entry,  50 
feet  from  the  main  entry. 

Section  C  (sample  W19540)  was  mea8iu*ed  at  the  (see  of  the  second  butt  heading, 
1,000  feet  from  the  main  entry. 

Section  D  (sample  W19541)  was  measured  at  the  face  of  the  second  butt  entry,  700 
feet  from  the  second  ''flat,''  300  feet  from  the  main  entry. 

A  composite  sample  was  made  by  mixing  samples  W19493,  W19494,  W19540,  and 
W19541.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory 
No.  12225. 

Notes. — The  Elkins  No.  6  mine  is  opened  by  a  drift  entry.  The  mine  is  compara- 
tively new,  and  only  a  few  side  entries  have  been  started.  At  the  time'of  sampling  the 
coal  was  undercut  by  hand  and  broken  down  with  black  powder.  There  was  one  load- 
ing track  at  the  tipple  with  a  capacity  of  15  cars.  There  were  no  screens,  the  endre 
production  being  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars  in 
loading.  All  of  the  coal  was  used  for  coking  purposes.  There  was  1,200  acres  of 
unmined  area  tributary  to  this  opening. 

BALEiaH  COUNTY. 

HoTcoAL.    Bio  Stick  Mine. 

Sample. — ^Semibituminous  coal;  New  River  field;  analyses  Nos.  14375, 14376, 14377, 
and  14378  (p.  127). 

Mine. — Big  Stick;  Eanawha-New  River  district;  a  drift  mine  at  Hotcoal,  with 
railroad  connections  to  the  Virginian  Railway. 

Coal  bed. — ^Beckley.  Carboniferous  age,  Pottsville  formation.  Average  thickness, 
5  feet  6  inches;  dip,  2}°  northeast.  The  roof  consists  of  3  inches  of  "draw  slate,"  above 
which  is  2  feet  of  dark  carbonaceous  shale  mixed  with  coal,  above  which  is  sandstone 
cap  rock.  Floor,  hard,  smooth  shale.  Material  from  the  roof  and  floor  does  not  become 
mixed  with  the  coal  in  mining.    Cover,  150  to  250  feet. 

The  coal  bed  was  measured  and  sampled  at  3  points  in  the  mine  by  J.  J.  Rutledge, 
July  8,  1912,  as  described  below: 


WEST  VIBGINIA:  RALKIOH  COUNTY. 
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Sections  of  coal  bed  in  Big  Stick  mine. 


Section 

LAboratory  No 

Roof,  "draw-slate, "  shale 

Coal 

Shale,  black 

Coal,  dirty 

Coal 

Mother  eoal 

Coal 

Cannel  coal 

CoalyboDv 

Coal...... 

Floor,  fire  clay. 

Thfckness  of  bed 

Thickness  of  coal  sampled 


A 

B 

14375 

14876 

Ft.   in. 

Ft.   in. 

aO    I 

•  ■                 V   « 

aO    1 

•  •        •  • 

aO      f 

•  *         •  • 

3    3 

2     6 

•  •         •  • 

0      i 

•  •         *  • 

0    10 

0      i 

•  •         *  • 

0      i 

2    6 

1    10 

5    6 
5    3i 

6  ^ 

5     Si 

c 

14377 
Ft.   in. 
aO     f 

aO      I 

3    4 


0  3 

■  «  •  « 

3  6 

6  3) 

6  1 


a  Not  included  in  sample. 

Section  A  (sample  14375)  was  measured  at  the  face  of  left  heading  2, 1,600  feet  east 
of  the  mouth  of  the  straight  main  entry. 

Section  B  (sample  14376)  was  measured  at  the  face  of  left  entry  3,  off  the  straight 
main  entry,  1,400  feet  northeast  of  the  mine  mouth. 

Section  C  (sample  14377)  was  measured  at  the  face  of  the  straight  main  entry,  1,900 
feet  northeast  of  the  mine  mouth. 

A  composite  sample  was  made  hy  mixing  face  samples  14375, 14376,  and  14377.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14378. 

Notes. — ^The  Big  Stick  mine  is  opened  by  two  entries  and  the  coal  mined  by  the 
room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  by  hand  and 
shot  down  with  FF  black  blasting  powder.  A  permissible  explosive  was  also  used  in 
some  parts  of  the  mine.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were 
employed  on  the  car  in  loading.  There  was  no  screening  plant.  The  mine  was 
new  having  been  in  operation  only  about  1  year  at  the  time  of  sampling.  All  of  the 
coal  was  obtained  from  advance  workings.  Daily  output,  450  tons  per  day,  with  a 
maximum  capacity  of  500  tons. 

McQuADE.    Blue  Jay  No.  4  Mine. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nos.  14288,  14289, 
14290,  and  14291  (p.  128). 

Mine. — ^Blue  Jay  No.  4;  Kanawha-New  River  district;  a  drift  mine  at  McQuade 
station  2  miles  southeast  of  Raleigh,  on  the  Piney  branch  of  the  Chesapeake  &  Ohio 
Railway. 

Coal  bed, — ^Beckley.  Carboniferous  age,  Pottsville  formation.  Average  thickness,  5 
feet;  slight  dip,  northwest.  Roof,  smooth  shale  1  to  2  feet  thick;  floor,  very  soft  fire 
clay;  material  from  the  roof  and  the  floor  does  not  become  mixed  with  the  coal  in 
mining.    Cover  at  points  of  sampling  75  to  100  feet. 

The  coal  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  D.  J.  Price, 
July  10,  1912,  as  described  below: 

Sections  of  coal  bed  in  Blue  Jay  No.  4  mine. 


Section 

A 
14288 
Ft.  in. 

1  4 
oO      9 

•  •          ■  • 

2  10 

4    11 
4      2 

B 
14289 
Ft.  in. 

1      2 
oO     3 

*3     0 

4      5 
4      2 

c 

LAboratory  No 

14290 

Roof,  shale. 

Coal 

Ft.  in. 
1     2 

Rene  and  shale .... 

Coal,  bony 

0     3 

Coal.... .    :.......   .:  .                   :       : 

3     0 

Floor,  soft  flpe  clay. 

Thickness  of  bed 

4      5 

ThiA^nAfui  a'  "Oal  sampM 

4      5 

•  Not  included  in  sample. 
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Section  A  (sample  14288)  was  measured  on  a  pillar  of  the  main  heading  about  600 
feet  east  of  the  mine  mouth. 

Section  B  (sample  14289)  was  measured  at  the  face  of  the  second  ri^t  heading, 
400  feet  south  of  the  mine  mouth. 

Section  C  (sample  14290)  was  measured  on  the  pillar  of  the  first  right  headisg,  250 
feet  south  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  samples  14288, 14289,  and  14290.  The 
result  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  14291. 

Notes, — The  Blue  Jay  No.  4  mine  is  opened  by  drift  entries  and  the  coal  mfned 
by  the  room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  by 
hand.  As  the  mining  operations  were  confined  entirely  to  pillars,  no  powder  was 
used  in  breaking  the  coal.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were 
employed  on  the  cars  in  loading.  Daily  output,  about  150  tons.  Theee  was  one 
loading  track  with  a  capacity  for  10  empty  and  7  loaded  cars. 

Raleigh.    Raleigh  No.  1  and  No.  3  Mikes. 

Samples. — Semibituminous  coal;  New  River  field;  analyses  Nos.  10624,  10625, 
10626,  10627,  10628,  and  10630  (p.  128). 

Mine. — Raleigh  No.  1  and  No.  3;  Kanawha-New  River  district;  slope  nodnes  at 
Raleigh,  on  the  Chesapeake  &  Ohio  Railway. 

Coal  bed. — ^Beckley.  Carboniferous  (PottsviUe)  age,  Quinnimont  formation.  Aver- 
age thickness,  52  inches;  dip  about  2°  N.  50°  W.;  roof,  shale  2  feet  thick  with  a  sand- 
stone capping  90  feet  thick;  floor,  hard,  smooth,  gray  shale. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mines  by  J.  J.  Rutledge  on 
June  25,  1910,  as  described  below: 

Sections  of  coal  bed  in  Raleigh  No.  1  and  No.  S  mines. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

Coal,  soft 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 
10624 
Ft.  in. 
1      4 
0 
3 


5 
5 


.4 


B 
10625 
Ft.  in. 
1      4 
0 
2 


4 

4 


4 

2 
2 


C 
10626 
Ft.  in. 
1     0 
0 


4 
4 


D 
10627 
Ft.  in. 


3     7) 

3     7i 
3     7| 


E 

10630 
J^.  to. 
1     3 
0       \ 
3    10| 

5      1| 

5      1! 


Section  A  (sample  10624)  was  measured  oij  the  left  rib  of  left  entry  7  opposite  the 
mouth  of  right  heading  1  in  No.  3  mine. 
Section  B  (sample  10625)  was  measured  at  the  face  of  right  entry  16  in  No.  3  mine. 
Section  C  (sample  10626)  was  measured  at  the  last  crosscut  in  the  main  entry  in 

No.  3  mine. 
Section  D  (sample  10627)  was  measured  at  the  face  of  room  11  off  right  heading  12 

in  No.  3  mine. 

Section  E  (sample  10630)  was  measured  at  the  neck  of  the  last  break-through  off 
right  entry  6  in  No.  1  mine. 

A  composite  sample  was  made  by  mixing  samples  10624  to  10627,  inclusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  10628. 

Notes.— ^o.  1  and  No.  3  mines  are  connected  and  in  reality  form  but  a  single  mine, 
opened  by  two  drift  entries;  double  entry,  room-and-pillar  system  of  mining.  At  the 
time  of  sampling  black  jwwder  was  used  for  breaking  coal  after  undercutting  with 
electric  chain  cutters;  bar  screens;  capacity,  1,000  tons  a  day;  two  loading  tracks 
with  capacity  for  40  cars;  unmined  area  about  2,000  acres. 
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SLA.B  Fork.    Slab  Fork  No.  1,  No.  2,  No.  3,  No.  4,  and  No.  5  Mines. 

Sample. — Semibitiiminous  coal;  New  River  field;  analysee  Nos.  14313  to  14318, 
and  14326  to  14337  (pp.  129,  130). 

Mines. — Slab  Fork  No.  1,  No.  2,  No.  3,  No.  4,  and  No.  5;  EanawharNew  River  difl- 
trict;  drift  minee;  Nos.  1,  2,  3,  and  4  are  about  three-fourths  of  a  mile  northeast  of  Slab 
Fork;  No.  5  is  one-fourth  of  a  mile  south  of  Slab  Fork,  on  the  Viiginian  Railway. 

Coal  bed. — Beckley.  Carboniferous  (Pottsville)  age,  Quinnimont  formation. 
Thickness,  3  feet  5  inches  to  4  feet  7  inches.  Dip  slightly  irregular,  but  the  main  direc- 
tion is  northwest.  Roof,  sandy  shale  containing  about  3  inches  of  roof  coal.  The  shale 
and  roof  coal  combined  vary  in  thickness  from  18  inches  to  3  feet,  above  which  there 
is  a  sandstone  cap  rock.  Floor,  hard  smooth  clay.  Material  from  the  roof  and  floor 
did  not  become  mixed  with  the  coal  in  mining.  Cover  at  points  of  sampling,  100 
to  400  feet. 

The  coal  bed  was  measured  and  sampled  at  15  points  in  the  five  mines  by  G.  H.  Deike 
and  H.  I.  Smith  July  10  and  11,  1912,  as  described  below: 

Sections  of  coal  bed  in  Slab  Fork  No.  1  and  No.  4  mines. 


Section. 

Laboratorv  No 

Roof,  sanay  shale. 

Coal 

Shale 

Mother  cool 

CJoal 

"Sulphur" 

Coal,  gray 

Coal 

Coal,  gray 

Coal 

Coal ,  bony 

Coal 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


No.  4 

14336 

Ft. 

in. 

0 

11 

•  • 

0 
0 

■4 

•  ■ 

0 

"2 

0 

n 

0 

I 

1 

8 

aO 

3 

4 
3 

4 

N0.1 

14387 
Ft.  in, 
aO      U 

■  •  •  • 

2      7 
Stzeak. 


1  4 

aO  4 

0  11) 

4  1^ 


o  Not  included  in  sample. 

Section  A  (sample  14336)  was  measured  at  the  face  of  the  main  entry,  about  1,450 
feet  northwest  of  the  mine  mouth. 

Section  B  (sample  14337)  was  measured  on  the  pillar  of  room  7,  off  second  right  entry, 
1,200  feet  northeast  of  the  mine  mouth. 

Sections  of  coal  bed  in  Slab  Fork  No.  2  mine. 


Section 

Laboratorv  No 

Roof,  sandy  shale. 

Coal 

Shale 

Coal 

Coal,  gray 

Coal 

Mother  coal 

Coal 

Bone 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

D 

14325 

14326 

14328 

14329 

Ft.  in. 

Ft.   in. 

Ft.   in. 

Ft.  in. 

oO     3 

oO     3 

aO      3 

oO     2 

aO      1} 

aO      3 

oO      3 

aO     1 

0      5 

0      2 

0      2 

0      U 

0      2 

0      4 

0      4 

0      4 

3      5 

3      6 

1      3i 

2      2 

0      1 

«  •         •  « 

0      i 

0 

0      9 

•  •         «  • 

1    10 

1      4 

oO      4 

•  «         •  « 

*  •         •  • 

00      1 

5      6) 

4      6 

4      2 

i  1 

4    10 

4      0 

3      8 

B 
14330 
Ft.  in. 
aO     2 


aO 
0 
0 
3 


4 

4 


4 

2 

4 
6 


6 
0 


a  Not  included  in  sample. 


Section  A  (sample  14325)  was  measured  on  the  pillar  of  third  left  entry,  between 
rooms  7  and  8, 1,800  feet  southwest  of  the  mine  mouth. 

Section  B  (sample  14326)  was  measured  on  the  pillar  between  rooms  8  and  10,  of! 
seventh  left  entry,  3,000  feet  southwest  of  the  mine  mouth. 
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A  compofiite  sample  was  made  by  mixing  pillar  samples  14325  and  14326.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  14327. 

Section  C  (sample  14328)  was  measured  on  the  face  of  the  first  panel  off  the  second 
drift,  4,200  feet  south  of  the  mine  mouth. 

Section  D  (sample  14329)  was  measured  at  the  face  of  first  right  entry,  off  third  left 
entry,  1,200  feet  southeast  of  the  mine  mouth. 

Section  E  (sample  14330)  was  measured  at  the  face  of  fourteenth  left  entry,  150  feet 
from  the  straight  main  entry,  5,000  feet  southwest  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14328, 14329,  and  14330.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  14331 

Sections  of  coal  bed  in  Slab  Fork  No.  S  mine. 


Bection 

Laboratoiy  No 

Roof,  sandy  shale. 

Coal 

Sbale 

Coal,  impure 

Coal 

Coal,  hard 

Coal,  soft 

Mother  ooal 

Coal,  bony 

Coal 

ICotherooal 

Coal 

Mother  coal 

Shale,  bony 

Coal 

Coal,  bony 

Floor,  day. 

Thickness  of  bed 

Thickness  of  coal  sampled 


C 
14334 

FLbL 

0     li 
«0     1 

•  •        •  • 


2     9 

•  •        •• 

«0     3 


4     5 
4     1 


a  Not  included  in  sample. 

Section  A  (sample  14332)  was  measured  at  the  face  of  the  main  air  course,  2,450  feet 
southeast  of  the  mine  mouth. 

Section  B  (sample  14333)  was  measured  at  the  face  of  A  entry,  2,350  feet  southeast 
of  the  mine  mouth. 

Section  G  (sample  14334)  was  measured  at  the  face  of  room  3,  off  the  first  right 
entry,  2,000  feet  southeast  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14332,  14333,  and  14334. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14335. 

Sections  of  coal  bed  in  Slab  Fork  No.  5  mine. 


Section 

A 

14313 
Ft.  in. 

•  •            •  m 

oO     3 

1  0 

o'o  'a 

•  «             «  • 

2  10 

4     6 

3  10 

B 
14314 
Ft.  in. 

•  •         ■  • 

•  •        •  • 

•  •        •  • 

•  •         •  • 

0    10 

oO       h 

0     7 

0  3 

1  llj 

3     7 

3    ei 

c 

14315 
Ft.  in. 
0     4 
0     6i 

•  •         •  • 

Streak. 
0     6 
0     2} 

•  a             •  • 

0     2} 

0  2 

1  8 

8     74 
8     7l 

D 
14316 
Ft.  in. 

•  a            •  • 

a'o    *2i 
aO      1 
0    \\\ 

•  a             mm 

0       \ 

mm           •  « 

•  •             •  a 

2     9 

t  4 

R 

Laboratory  No 

14318 

Roof,  sandy  shale. 

Coal,  gray 

Coal , 

FLifiL 

Coal  with  "sulphur" 

Shale 

Coal 

1     0 

Coal.  eiaT 

Shale 

0       i 

Coal 

Coal.  eiaT 

"^»  6**"J • • •••. 

Coal 

2     9 

Floor,  hard  clay. 

Tn  ickness  of  bed 

1  Si 

ThioknAsn  of  ooal  SAmnlarl . ,  ^ 

o  Not  included  in  sample. 

Section  A  (sample  14313)  was  measured  at  the'face  of  the  main  heading,  3,200  feet 
southwest  of  the  mine  mouth. 

Section  B  (sample  14314)  was  measured  at  the  face  of  room  15,  off  the  sixth  left 
entry,  2,000  feet  southwest  of  the  mine  mouth. 
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Section  0  (sample  14315)  was  meaaured  at  the  last  cut-through,  off  tlie  third 
left  entry,  1,900  feet  southeast  of  the  mine  mouth. 

Section  D  (sample  14316)  was  measured  on  the  pillar  of  room  10,  off  the  second  left 
entry,  800  feet  south  of  the  mine  mouth. 

Section  E  (sample  14318)  was  meaflured  on  the  pillar  of  fourth  left  entry,  between 
rooms  13  and  14,  1,250  feet  south  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  samples  14313  to  14316,  inclusive.  The 
results  of  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  14317. 

Notes. — ^AU  of  these  mines  are  opened  by  drift  entries  and  the  coal  mined  by  the 
room-and-piUar  system.  At  the  time  of  sampling,  electric  chain  machines  were  used 
for  undercutting  the  coal  in  Nos.  2,  3,  and  4  mines.  Machines  were  not  used  in  the 
other  mines.  A  permissible  explosive  was  used  for  breaking  the  coal  and  for  brushing 
the  roof.  All  of  the  coal  was  shipped  as  nm-of-mine.  Pickers  were  employed  on 
the  cars  in  loading.  No.  5  mine  was  equipped  with  2  loading  tracks  with  a  capac- 
ity for  15  empty  and  15  loaded  cars;  the  other  mines  have  2  loading  tracks  with  a 
capacity  for  40  empty  and  40  loaded  cars. 

The  capacity  of  the  mines  was  as  follows:  No.  1  mine,  30  tons  a  day;  No.  2  mine, 
350  tons  a  day;  No.  3  mine,  170  tons  a  day;  No.  4  mine,  60  tons  a  day,  and  No.  5 
mine,  425  tons,  or  a  total  capacity  of  1,035  tons  a  day.  About  35  per  cent  of  the 
coal  was  obtained  from  advance  work.  There  was  approximately  1,800  acres  of 
unmined  coal  tributary  to  the  various  openings. 

• 

Winding  Gulp.    Lynwin  Mine. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nos.  14319,  14320, 
14321,  14322,  14323,  and  14324  (p.  130). 

Mine. — Lynwin;  Kanawha-New  River  district;  a  drift  mine,  one-fourth  of  a  mile 
south  of  Winding  Gulf  on  the  Winding  Gulf  branch  of  the  Virginian  Railway. 

Coal  bed. — Beckley.  Carboniferous  (Pottsville)  age,  Quinnimont  formation. 
Average  thickness  5  feet;  dip,  slight,  to  the  northwest.  Roof,  light  blue  shale  to  which 
the  coal  adheres  more  or  less;  floor,  hard  smooth  Shale  that  does  not  become  mixed 
with  the  coal  in  mining.    Cover,  400  feet. 

The  coal  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  D.  J.  Price  on 
July  11,  1912,  as  described  below: 

Sections  of  coal  bed  in  Lynwin  mine. 


Sectkm 

A 

14319 
Ft.  in. 

3       0 
aO        4 

3       0 

5       4 
5       0 

B 

14320 
Ft.  in. 

2       9 
aO       5 

1        7 

4        9 
4        4 

C 

14321 
Ft.  in. 

2     10 
oO       5 

1      11 

5       2 
4        9 

D 
14322 

-FY.  in. 
2       8 

aO       7 
1      11 

5       2 
4        7 

E 

lAborfttory  No , 

14323 

RooLshftto. 

OoftI , 

Ft.  in. 
2      9 

SbftU^ and  bo^e. 

oO      6i 
2      0 

Coal 

Floor,  shale. 

t  n 

Tblfilm^KN  o'  OnAl  s^inpM 

a  Not  Included  In  sample. 

Section  A  (sample  14319)  was  measured  at  the  break-through,  to  the  air  course  at 
left  entry  6,  about  2,600  feet  from  the  mine  mouth. 

Section  B  (sample  14320)  was  measured  at  the  face  of  right  heading  6,  about 
2,800  feet  from  the  mine  mouth. 

Section  C  (sample  14321)  was  measured  at  the  face  of  room  2,  right  heading  8,  about 
3,300  feet  from  the  mine  mouth. 

Section  D  (sample  14322)  was  measured  at  the  face  of  right  heading  8,  3,400  feet 
from  the  mine  mouth. 

Section  E  (sample  14323)  was  measured  at  the  face  of  the  main  heading,  3,200  feet 
from  the  mine  mouth. 
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A  compoflite  sample  was  made  by  mixing  {ace  samples  14319  to  14323,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No. 
14324. 

Notes. — The  Lynwin  mine  is  opened  by  a  drift  entry  and  the  coal  is  mined  by  the 
room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  by  hand  and 
broken  down  with  FFF  black  powder  and  a  permissible  explosive.  All  of  the  coal 
was  shipped  as  run-of-mine.  The  screening  plant  had  hax  screens  6  by  12  feet 
with  3-inch  openings.  Pickers  were  employed  on  the  car  in  loading.  The  run- 
of-mine  coal  contained  large  Imnpe  and  presented  a  good  appearance  on  the  cars. 
There  were  two  loading  tracks  with  a  capacity  for  22  empty  and  22  loaded  can.  There 
was  approximately  600  acres  of  immined  coal  tributary  to  this  opening.  A  large 
percentage  of  the  coal  was  obtained  from  advance  work.  Daily  output,  450  tons, 
with  a  capacity  of  550  tons. 


WiNDiNO  Gulp.    Winding  Gulp  No.  1  and  No.  2  Mines. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nos.  14368, 14369, 14370, 
14371,  14372,  14373,  and  14374  (p.  131). 

Mine. — ^Winding  Gulf  No.  1;  Kanawha-New  River  district;  at  Winding  Gulf  on  the 
Winding  Gulf  branch  of  the  Virginian  B^way.  No.  2  mine  is  1  mile  from  Winding 
Gulf  on  Winding  Gulf  branch  of  the  Chesapeake  &  Ohio  Railway. 

Coal  bed. — Beckley.  Carboniferous  (Pottsville)  age,  Quinnimont  formation. 
Average  thickness,  4  feet  6  inches.  Dip  about  2^  northwest.  Roof,  smooth  gray 
shale;  floor,  hard  fire  clay.  Material  from  the  roof  and  floor  does  not  become  mixed 
with  the  coal  in  mining.    Cover  at  points  of  sampling,  60  to  400  feet. 

The  coal  bed  was  measured  and  sampled  at  three  points  in  No.  1  mine  and  at  two 
points  in  No.  2  mine  by  D.  J.  Price  July  9, 1912,  as  described  below: 

Sections  of  coal  bed  in  Winding  Gulf  No.  1  mine. 


Section 

Laboratory  No 

Roof,  shale 

Coal 

Coal,  bony 

Coal 

Floor.  Are  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


A 

B 

14368 

14369 

Ft.  in. 

Ft.  in. 

2    11 

2    10 

aO     3 

aO     3 

1      2 

1      3 

4      4 

4      4 

4      1 

4      1 

c 

14379 
Ft.  in. 

2      11 
«0       4 

1        6 


4 
4 


9 
5 


a  Not  included  In  sample. 

Section  A  (sample  14368)  was  measured  at  the  face  of  room  14,  off  left  entry  1,  off 
the  main  right  heading. 

Section  B  (sample  14369)  was  measured  at  the  fsjCQ  of  the  air  course  of  the  west 
entry. 

Section  C  (sample  14370)  was  measured  at  the  face  of  the  main  right  heading. 

A  composite  sample  was  made  by  mixing  face  samples  14368,  14369,  and  14370. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14371. 

Sections  of  coal  bed  in  Winding  Gvlf  No,  t  mine. 


Section 

liaboratory  No 

Roof,  shale. 

Coal 

Coal,  bone 

Coal 

Floor,  fireclay. 

Tnlcknass  of  bed 

Thickness  of  ooal  sampled 


a  Not  Included  in  sample. 
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Section  A  (sample  14372)  was  measured  on  the  pillar  a;t  the  break-through  to  right 
heading  1. 

Section  B  (sample  14373)  was  measured  at  the  face  of  left  heading  2. 

A  composite  sample  was  milide  by  mixing  samples  14372  and  14373.  The  results  of 
an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14374. 

Notes. — ^Both  of  these  mines  were  comparatively  new  at  the  time  of  sampling.  Both 
mines  are  opened  by  a  slope  and  the  coal  is  mined  by  the  room-^and-piUar  system. 
At  the  time  of  sampling  the  coal  was  undercut  by  electric  machines  and  broken  down 
with  permissible  explosives.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers 
were  employed  on  the  cars  in  loading.  The  average  daily  output  of  No.  I  mine  was  400 
tons. 

WOODBAY.      McAlPIN  No.   1  MiNE. 

Sample. — Semibituminous  coal,  New  River  field;  analyses  Nos.  14301, 14302,  14303, 
14304, 14305, 14306, 14307, 14308,  and  14309  (p.  131). 

Mine. — ^McAlpin  No.  1;  Kanawha-New  River  district;  a  drift  mine  at  Woodbay 
Station  on  the  Winding  Gulf  branch  of  the  Virginian  Railway. 

Coal  bed, — ^Beckley.  Carboniferous  (Pottsville)  age,  Quinnimont  formation. 
Average  thickness,  5  feet;  dip,  1}^  northwest.  Roof,  shale  2  to  3  feet  thick,  containing 
streaks  of  coal,  above  the  shale  which  is  a  cap  rock;  floor,  a  dark  soft,  smooth  car- 
bonaceous shale.  Material  from  the  roof  and  floor  did  not  become  mixed  with  the 
coal  in  mining.    Cover  at  points  of  sampling,  about  400  feet. 

The  bed  was  measured  and  sampled  at  eight  points  in  the  mine  by  J.  J.  Rutledge  and 
D.  J.  Price,  July  6, 1912,  as  described  below: 

Sections  of  coal  bed  in  McAlpin  No.  1  mine. 


Section 

Laboiatoiy  No 

RoofyShale. 

Coal 

Mother  coal 

Coal 

Cannel  coal 

Coal 

Fkxv.  abate. 

Tuickiiflssofbed 

Thickness  of  coal  sampled 


A 

B 

C 

14301 

14302 

14303 

Ft.  in. 

Ft.  in. 

Ft.  in. 

3   1 

2  7 

2  3 

0  4 

•  •    ■  • 

•  •    •  • 

1  3 

1   4 

0  3 

0  2 

0  2 

1   3 

1  3 

2  6 

I  H 

6  3 

6  3 

5  3 

6  3 

D 
14304 
Ft.  in. 

2      9 


0 
0 
0 
1 


i 


11 
3 

4 


5     3j 
5     3l 


Sections  of  coal  bed  in  McAlpin  No.  1  mine. 


Section 

Laboratory  No 

Rooi.  shale. 

Coal 

Coal,  bony 

Coal 

Floor,  shato. 

Thickness  of  bed 

Thickness  of  coal  sampled 


E 

F 

Q 

14305 

14306 

14307 

Ft.  in. 

Ft.  in. 

Ft.  in. 

3  3 

3  3 

3  2 

aO  4 

oo   4i 

aO  3i 

0  Hi 

0  8 

0  10 

\   3 

4  3i 
3  11 

4  3i 
4  0 

H 
14308 
Ft.  in, 

3  3 
aO      4i 

0      9 

4  4} 

4      0 


a  Not  included  in  sample. 

Section  A  (sample  14301)  was  measured  at  the  face  of  the  second  panel,  off  left 
heading  3,  off  second  main  entry. 

Section  B  (sample  14302)  was  measured  at  the  face  of  the  second  main  air  course. 

Section  G  (sample  14303)  was  measured  at  the  face  of  room  10,  second  panel,  left 
entry  2. 

Section  D  (sample  14304)  was  measured  at  the  face  of  room  3,  first  panel,  left  entry  3. 

Section  E  (sample  14305)  was  measured  on  the  pillar  of  main  heading  1,  between 
right  entries  3  and  4. 
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Section  F  (sample  14306)  was  measoied  at  the  face  of  the  second  panel,  off  right 
heading  2. 

Section  G  (sample  14307)  was  measoied  at  the  face  of  the  fourth  panel,  off  rig^t 
heading  2. 

Section  H  (sample  14308)  was  measured  on  the  pillar  of  the  air  course,  near  rig^t 
entry  2. 

A  composite  sample  was  made  by  mixing  samples  14301  to  14308,  indusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  14309. 

Notes. — ^The  McAlpin  No.  1  Mine  is  opened  by  drift  entries  and  the  coal  mined  by  a 
combination  of  the  room-and-pillar  and  panel  systems.  At  the  time  of  sampling  the 
coal  was  undercut  by  electric  pimchers  and  shot  down  with  a  permissible  explosive. 
A  permissible  explosive  was  also  used  for  brushing  the  roof.  All  of  the  coal  was  shipped 
as  run-of-mine.  The  mine  was  equipped  with  a  screening  plant  in  which  the  bar 
screens  had  IJ-inch  openings.  The  coal  was  hand-picked  prior  to  loading  on  a  con- 
veying table  about  170  feet  long.  The  coal  presented  a  good  appearance  when  loaded 
on  the  cars.  There  were  two  loading  tracks  with  a  capacity  for  31  empty  and  36 
loaded  cars.  All  of  the  coal  was  obtained  from  advance  work.  Output,  1,000  toos 
day,  with  a  maximum  output  of  about  1,500  tons. 

RANDOLPH  OOUNTY. 

Mill  Cbbbk.    Tolbebt  and  Sfikeb  Mine. 

Sample. — ^Bituminous  coal;  analysis  No.  13561  (p.  132). 

Mine. — Tolbert  and  Spiker;  Monongahela  district;  on  Mill  Greek,  6  miles  south  of 
the  town  of  Mill  Creek. 

Coal  bed. — Sewell  ( ?) .  Carboniferous  age,  Pottsville  formation .  Average  thi  cknees 
about  4  feet;  dip,  8°  west. 

The  bed  was  measured  and  sampled  at  one  point  by  £.  B.  Lloyd  on  March  19, 1912, 
as  described  below: 


Section  of  coal  in  Tolbert  and  Spiker  mine. 

• 

Laboratory  No 

13561 

Roof,  dark  shale. 

Coal 

Ft,  tn. 
1    7 

BoDo 

oo    5 

Coal 

2    0 

Shale. 

Thickness  of  bed 

4    0 

Thickness  of  coal  sampled 

3    7 

•  Not  included  in  sample. 

The  sample  was  collected  about  100  feet  north  of  the  mouth  of  the  mine  about  40 

feet  from  the  outcrop,  under  about  75  feet  of  cover.    Average  output,  about  2}  tons 

a  day.    The  mine  is  located  on  the  northeast  face  of  Bach  Mountain,  at  an  elevation 

of  about  2,750  feet. 

Spbuce.    Hopkins  Mine. 

Sample. — ^Bituminous  coal;  analysis  No.  13601  (p.  132). 

Mine. — ^Hopkins;  Monongahela  district;  about  9  miles  southwest  of  Cheat  Bridge,. 
on  Cheat  Biver  lumber  road  of  West  Virginia  Pulp  &  Paper  Co.,  and  about  5  miles 
from  Spruce. 

Coal  bed. — Sewell  (?).  Carboniferous  age,  Pottsville  formation.  Thickness  at 
point  where  sampled,  4  feet  7  inches  clear  coal,  which  is  about  the  average  thickneaB 
within  the  mine.  Roof  and  floor,  shale.  The  mine  is  near  the  top  of  Cheat  Mountain 
at  an  elevation  of  over  4,000  feet.  Sample  was  collected  in  the  mine  1 ,075  feet  soath- 
west  of  the  mine  mouth  by  £.  R.  Lloyd  on  March  20,  1912. 


WYOMING:  OONVBESE  COUNTY. 
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WYOMING. 
COITVEBSB  COTTirrY. 

Douglas.    Outcbop. 

Sample. — SubbituininouB  coal;  Glenrock  field;  analysis  No.  11442  (p.  132). 

Mine. — Outcrop  in  eec.  33,  T.  40  N.,  B.  72  W.,  50  miles  north  of  Douglas,  which  is  the 
nearest  station  on  the  Chicago  &  North  Western  Bailway. 

Coal  bed. — ^Lower  Burned.  Tertiary  age,  Fort  Union  formation.  Thickness,  6  feet 
5  inches.    Boof,  carbonaceous  shale;  floor,  carbonaceous  clay. 

The  bed  was  measured  and  sampled  by  V.  H.  Barnett  on  September  25,  1910,  as 
described  below: 

Section  of  coal  bed  in  outcrop,  50  miles  north  of  DougUu. 


LabofBtory  No 

Roof,  carboiiaoeoiu  shale. 

Coal  with  thhi  carbonaoeous  lenses. 

Coal 

Floor,  shale. 

Tbiclmess  of  bed 

Thickness  of  eoal  sampled 


11443 
Ft.  in. 
aO    10 
6      7 

6     5 

5      7 


o  Not  included  in  sample. 

Glenrock.    Goitntry  Bank. 

Sample. — Subbituminous  coal;  Glenrock  field;  analysis  No.  11048  (p.  132). 

Mine. — Country  bank  in  sec.  5,  T.  37  N.,  B.  75  W.,  20  miles  north  of  Glenrock,  which 
IB  the  nearest  station  on  the  Chicago  &  North  Western  Bailway. 

Coal  bed. — ^Not  named.  Tertiary  age,  Fort  Union  formation.  Thickness,  12  feet  8 
inches;  sandstone  cap  rock. 

The  bed  was  measured  and  sampled  by  C.  H.  Wegemann  on  September  29, 1910,  as 
described  below: 

Section  of  coal  bed  in  country  bank,  tO  miles  north  of  Glenrock. 


LaboratoTT  No 

Roof,  sandstone. 

Coal 

Coal,  bony. , 

Bone 

Coal,  dean 

Coal  with  2  bone  partings.. 
FkKV,  not  stated. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


11048 
Ft.    in. 
5     0 
ol 
aO 
a3 
a2 


2 

2 

10 

6 


12      8 
5      0 


a  Not  included  in  sample. 
Note. — ^The  coal  was  mined  intermittently  from  an  open  pit. 


Inez.    Diamond  Mine. 


Sample. — Subbituminous  coal;  Glenrock  field;  analysis  No.  14781  (p.  132). 

Mine. — Diamond;  Inez  district;  a  slope  mine  in  sec.  16,  T.  33  N.,  B.  73  W.,  1}  miles 
south  of  Inez,  and  of  the  Chicago  &  North  Western  Bailway. 

Coal  bed. — Not  named.  Tertiary  age.  Fort  Union  formation.  Thickness,  4}  to  5 
feet;  roof,  fair  shale;  floor,  good  shale;  dip,  17^  NE. 


388  ANALYSES  OF  COAL. 

The  bed  was  measured  and  sampled  on  September  24,  1912,  by  V.  H.  Barnett, 

described  below: 

Section  of  coal  bed  in  Dicanond  mine. 


Laboratory  No 14781 

Roof,  shale.  Ft,   m. 

Coal 4     3 

Clay 0     1 

Coal 0     4 

Floor,  shale. 

Thickness  of  bed 4     8 

Thickness  of  coal  sampled 4     8 

The  sample  was  obtained  at  the  face  of  an  entry  450  feet  from  the  mine  mouth. 

Inez.    Inez  Mine. 

Sample. — Subbituminous  coal;  Glenrock  field;  analysis  No.  14754  (p.  132). 

IfirKf.— Inez;  Inez  district;  a  drift  mine  in  the  NW.  J  sec.  16.  T.  33  N.,  R.  72  W., 
1  mile  south  of  Inez  and  of  the  Chicago  &  North  Western  Kailway. 

Coal  bed. — Not  named.  Tertiary  age,  Fort  Union  formation.  Average  thicknesB, 
about  5  feet;  dip,  17**  NE. 

The  bed  was  measured  and  sampled  by  F.  A.  Ilerald  on  September  19,  1912,  as 

described  below: 

Section  of  coal  bed  in  Inez  mine. 


Laboratory  No 

Roof,  brown,  carbonaceous  shale. 

Coal 

Bhale,  carbonaceous,  brown . . 

Shale,  gray 

Shale,  brown,  carbonaceous . . 

Coal 

Floor,  brown,  carbonaceous  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


14754 

Ff. 

ra. 

5 

3 

ao 

fi 

«0 

11 

•  0 

6 

0 

7 

« 

g 

5 

10 

a  Not  hicluded  in  sample. 

The  sample  was  taken  at  the  end  of  the  entry,  620  feet  northwest  of  the  mouth  of 

the  slope. 

Lost  Spring.    Fred  Haynes  Prospect. 

Sample. — Subbituminous  coal;  Lost  Spring  field;  analysis  No.  10711  (p.  132). 

Prospect. — Fred  Haynes,  a  prospect  opening  in  sec.  11,  T.  32  N.,  R.  69  W.,  9  miles 
west  of  Lost  Spring,  which  is  the  nearest  station  on  the  Chicago  &  North  Western 
Railway. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  4  feet  2 
inches.    Roof,  shale;  floor,  shale. 

The  coal  bed  was  sampled  at  one  point  in  the  entry  by  D.  £.  Winchester  on  August 
1, 1910.  The  sample  was  taken  at  the  face  of  the  main  entry,  about  50  feet  from  the 
mouth  of  the  entry. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 

Bull.  471,  p.  491. 

Lost  Spring.    Harney  Greek  Mine. 

Sample. — Lignite  vciging  on  subbituminous  coal;  Lost  Spring  field;  analysis  No. 
10911  (p.  132). 

ifin«.— Harney  Creek,  a  drift  mine  in  sec.  13,  T.  34  N.,  R.  67  W.,  17  miles  northeast 
of  Lost  Spring,  which  is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 
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Coal  bed. — ^Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  5  feet 
6  inches.  Roof,  sandstone;  floor,  sandstone.  The  coal  bed  was  sampled  at  one  point 
in  this  mine  by  D.  E.  Winchester,  September  10,  1910,  as  described  below: 

Section  of  coal  bed  in  Harney  Creek  mine. 


Labontocj  No 

Root,  sandstone. 

Coal 

Shale,  carbonaoeous 

Coal 

Shale,  carbonaoeous 

Floor,  sandstone. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


10011 

Ft.  in. 

2    10 

aO     1 

2     1 

aO     6 

5      6 
4    11 


a  Not  included  in  sample. 

The  above  sample  was  taken  at  the  end  of  the  main  entry,  80  feet  from  the  main 
mouth. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
Bull.  471,  p.  605. 

Lost  Spring.    Onton  Mine. 

Sample. — Subbituminous  coal;  Lost  Spring  field;  analysis  No.  10740  (p.  133). 

Mine. — Onyon,  a  drift  mine  in  sec.  36,  T.  33  N.,  R.  68  W.,  about  2  miles  northwest 
of  Lost  Spring,  which  is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  bed. — Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  5  feet 
9  inches;  roof,  shale;  floor,  shale. 

The  bed  was  sampled  at  one  point  in  the  mine  by  D.  E.  Winchester  on  August 
4, 1910.  The  sample  was  taken  in  room  15  off  north  entry  1,  1,800  feet  from  the  mine 
mouth. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
Bull.  471,  p.  495. 

Lost  Spring.    Prospect. 

Sample. — Subbituminous  coal;  Lost  Springfield;  analysis  No.  11447  (p.  133). 

Propped.— Prospect  in  sec.  8,  T.  37  N.,  R.  68  W.,  35  miles  north  of  Lost  Spring, 
which  is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  bed. — D.  Tertiary  age,  Fort  Union  formation.  Thickness,  4  feet  4  inches; 
cap,  sandstone;  floor,  shale. 

The  bed  was  sampled  by  D.  E.  Winchester  on  October  21,  1910.  The  bed  had 
been  opened  as  a  stripping  pit.  Some  coal  had  been  taken  from  the  prospect  during 
previous  winters. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
Bull.  471,  p.  513. 

Lost  Spring.    Rosin  Mine. 

Sample. — Subbituminous  coal;  Lost  Springfield;  analysis  No.  10775  (p.  133). 

Jfwi«.— Rosin,  a  drift  mine  in  sec.  35,  T.  34  N.,  R.  68  W.,  8  miles  north  of  Lost 
Spring,  which  is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  6af.— Unnamed.  Tertiary  age,  Fort  Union  formation.  ThicknesB,  5  feet  1 
inch;  roof,  ahale;  floor,  shale. 
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The  bed  was  measuied  and  sampled  by  D.  £.  Winchester  on  August  17, 1910,  as  de- 
scribed below: 

Section  of  coal  bed  in  Rorin  mine. 


LabontoryNo 

Roof,8bAle. 

Coal,  soft  and  brii^t 

Bhale,  soft,  carbonaceous . . 

Coal,  bright  and  hard , 

Shale,  carbonaceous 

Coal,  Dri^t  and  hard 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


1077S 
Ft.   i». 
1      1 


•  0 
1 

«0 
2 


3 
8 
1 
0 


5      1 
4      9 


a  Not  Inchided  In  sample. 

The  sample  was  taken  at  the  face  of  left  entry  1  off  main  entry,  about  1,000  feet  from 
the  mine  mouth. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  8.  Geol.  Survey 
Bull.  471,  p.  501. 

Lost  Sprino.    Sunset  Mine. 

Sample. — Subbituminous  coal;  Lost  Spring  field;  analyeds  No.  10835  (p.  133). 

Mine. — Sunset,  a  drift  mine  in  sec.  35,  T.  34  N.,  R.  68  W..  8  miles  northwest  of 
Lost  Spring,  which  is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  bed. — Unnamed.  Tertiary  age,  Fort  Union  foimation.  Average  thickness 
about  5  feet;  roof,  bony  coal;  floor,  shale. 

The  coal  bed  was  sampled  by  D.  E.  Winchester  August  20, 1910,  as  described  below: 

Section  of  coal  bed  in  Sunset  mine. 


Laboratory  No 

Roof,  bony  coal. 

Coal 

Bony  coal 

Coal 

Bony  coal 

Coal 

Shale 

Coal 

Floor,  shale. 

Tnlckneas  of  bed 

Thickness  of  coal  sampled . 


10835 
0    4 


«1 

0 

aO 
0 

•  0 

2 


4 
6 

7' 

3 

3 


6    31 
3    8 


a  Not  hiduded  in  sample. 

This  sample  was  taken  at  the  face  of  the  main  entry,  500  feet  from  the  mouth. 
For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  p.  502. 

CROOK  COUNTY. 

Sundance.    Belshe  Mine. 

Sample. — Bituminous  coal;  Sundance  field;  analysis  Noe.  15713,  15714,  and  15715 
(p.  133). 

iA'TW.— Belshe;  SE.  J  NW.  J  sec.  24,  T.  51 N.,  R.  64  W.,  7i  miles  west  of  Sundance. 

Coal  bed. — No  name.  Lower  Cretaceous  age,  Lakota  formation.  The  bed  is  nearly 
horizontal  and  is  variable  in  thickness  and  character.    Both  roof  and  floor  are  shale. 

The  bed  was  measured  and  sampled  by  M.  W.  Ball  on  January  2  and  3,  1913,  as 
described  below; 
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Sections  of  coal  bed  in  Belshe  mine. 


BflCtiOO. 

LabontoryNo 

"Rooi,  aeetioii  A,  black,  carbonaoeoas  abale  wUh  some  ooal; 
■eetfon  B,  black,  "ala^"  ahale;  aection  G,  dark-gray  shale, 
"aiaty  "  IminedJatelv  aboye  ooaL 

Goal,  aomewbat  duty,  pyritifflTOua. 

Gbal,lnisht,  clean. 

Ooal,ratBer  dull,  bat  dean 

Goal  and  pyrlte 

Coalydtehtly  doll,  with  half  Inch  atreaka  of  loatroaa  ooal. . 

Coal,  bngh t,  with  a  few  anlphuroua  streaka. 

Coal,  don 

Coal,  bright 

Goal,  moderately  bright,  rather  hard 

Splint  and  good  ooal,  taitermizad 

Coal,  rather  dnll 

Coal,bricht 

Coal,  rather  doll  and  hard 

Coal,  good. 

Splint 

Coal,  moderately  bright,  with  a  little  pyrite 

Ooal 

Splint 

Coal,taight i 

Coal,  aomewhai  dull 

Goal 

Floor,  section  A,  black  shale;  section  B,  "slaty"  ahale.  with 
some  ooal;  section  C,  "slaty"  shale;  section  D,  dark-gray 
shale. 

Thickness  of  bed 

ThleknesB  of  coal  sampled 


•  Not  indnded  in  sample. 

b  Not  included  tn  sample  15714  but  included  in  sample  15715. 

e  Sample  15714, 3  feet  5|  inches;  sample  15715, 4  feet  3i  inehee. 

Section  A  (sample  No.  15713)  was  taken  at  end  of  room  turned  east  from  back 
entry,  275  feet  from  mouth  of  mine. 

Section  B  was  taken  at  the  end  of  the  back  entry. 

Section  C  (samples  Nos.  15714  and  15715)  was  taken  in  the  last  crosscut,  48  feet 
from  the  front  entry. 

Section  D  was  taken  at  the  end  of  the  front  entry. 

FBBMONT  OOTTirrY. 

Hudson.    Hicket  Mine. 

Sample. — Subbituminous  coal;  Hudson  field  cf  the  Wind  River  region;  analysis 
No.  17247  (p.  133). 

Mine. — ^Hickey,  a  slope  mine  in  sec.  11,  T.  1  S.,  R.  2  £.,  1  mile  west  of  Hudson 
and  one-fourth  of  a  mile  from  the  main  line  of  the  Chicago  A  North  Western  Railway. 

Coal  bed. — ^Unnamed.  Cretaceous  age,  Mesaverde  formation.  Average  thickness 
about  3  feet  8  inches;  dip  13*^  E. ,  15^  N .  Faults,  rolls,  and  horsebacks  are  uncommon. 
Roof,  hard  gray  shale,  above  which  is  sandstone  cap  rock;  floor,  hard  smooth  shale; 
particles  of  the  roof  and  floor  do  not  get  mixed  with  the  coal  in  mining.  The  cover 
at  the  point  where  sample  was  taken  is  about  100  feet. 

The  coal  bed  was  measured  and  sampled  by  J.  C.  Roberts  on  May  16,  1913.  The 
sample  included  a  3}  foot  cut  of  coal.  The  roof  was  shale,  over  which  was  sandstone ; 
the  floor  was  shale. 

The  sample  was  taken  in  room  3,  off  the  south  entry,  300  feet  from  the  mouth  of  the 
mine. 

NoU9.—The  Hickey  mine  is  opened  by  a  slope  and  the  coal  is  mined  by  the  room- 
and-pillar  system .  The  coal  was  undercut  by  hand  and  broken  down  with  black  blast- 
ing powder.  The  coal  cuttings  were  loaded  with  the  coal.  The  screening  equipment 
consisted  of  bar  screens  12  feet  long  with  l^-inch  and  J-inch  openings.    No  men  were 

47064**— Bull.  85—14 ^26 
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employed  to  pick  shale  out  of  the  cars  at  the  tipple.    Eight  men  were  employed  at 

thiamine. 

For  a  description  of  the  geologic  relation  of  this  bed  see  U.  S.  Geol.  Survey  Bull.  471, 

p.  546. 

Hudson.    Indian  Minb. 

i9amp2€.— Subbituminoua  coal;  Hudson  field;  analyses  Nos.  10838,  10838,  10840, 
10841,  10842,  10843, 13178,  and  13179  (p.  133). 

Mine. — Indian;  slope  mine  near  Hudson,  in  the  NE.^seo.  2,  T.  2S.,R.2E.,In  the 
Shoshone  Indian  Reservation,  on  a  spur  of  the  Wyoming  &  North  Western  Railway. 

Coal  bed, — ^The  bed  has  not  been  designated  by  name,  because  of  the  lenticular 
nature  of  the  beds  in  this  region.  Cretaceous  age;  Mesaverde  formation.  Thickneas 
in  tlie  mine,  variable;  dip,  13°  S.  where  sample  13178  was  taken,  and  18®  S.  where 
sample  13179  was  taken. 

The  bed  was  measured  and  sampled  at  five  points  on  September  3,  1910,  by  H.  M. 
Wolflin,  and  at  two  points  on  December  11, 1911,  by  Max  A.  Pishel,  as  shown  below: 

Sections  of  coal  bed  in  Indian  mine. 


itt 


Section 

Laboratory  No. 
Roof,  shale. 

"Draw  slate' 

Qean  coal 

Slaty  coal 

Bony  coal 

Clean  coal 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled . . 


A 

B 

C 

D 

10838 

10839 

10840 

10841 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

mm                 ■  • 

oO  10 

oO     8 

oO  8 

7   7i 

3  10 

•  •    .  • 

3  n 

■  ■    •  • 

oO  6i 

«  *    >  • 

•  •    ■  • 

•  •    •  • 

0   7 

6   2) 

a  •       ■  ■ 

2   5 

6   7 

3   2 

7   7J 

7   7J 

7  10 

7   2 

7   7J 

6   3 

7   2 

6   ft 

E 
lOSG 
Ft.  in. 


6 


Section 

Laboratory  No. 
Roof,  shale. 
Coal. 


Coal,  with  bony  streaks. 
Bone 


Coal 

Shale,  bony. 
Coal 


Bone 

Shale,  bony. 
Coal 


F 

13178 
Ft.  in. 
1      6 


«0 

«i 

1 
oO 
al 

0 


2 
6 
4 

2 
6 


Floor,  sandstone. 
Thickness  of  bed. 


Thickness  of  coal  sampled. 


6     6 
3     6 


G 

13179 
Ft.  in, 

'6  io 

OO  4 

2  O 

al  0 

0  S 


4 

5 


0 
6 


o  Not  Included  in  sample. 


Section  A  (sample  10838)  was  measured  at  the  face  of  room  17,  off  the  00  entry. 

Section  B  (sample  10839)  was  measured  at  the  face  of  west  entry  4. 

Section  C  (sample  10840)  was  measured  in  a  room  (about  No.  30),  o£f  west  entry  2. 

Section  D  (sample  10841)  was  measured  at  the  face  of  room  4,  off  east  entry  3. 

Section  E  (sample  10843)  was  measured  at  the  face  of  room  14},  off  west  entry  2. 

Section  F  (sample  13178)  was  measured  in  the  fifth  west  back  entry,  one-fourth  of  a 
mile  southwest  of  the  mine  mouth. 

Section  G  (sample  13179)  was  taken  in  the  main  entry,  900  feet  from  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  samples  10838,  10839,  10840,  and  10S41. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  10842. 

Notes. — ^At  the  time  of  sampling  in  1911  the  mine  had  been  abandoned  several 
months  and  a  number  of  men  were  engaged  in  removing  the  hoisting  engine.  It 
seemed  probable  that  in  the  future  the  mine  would  be  worked  on  a  small  scale,  as  there 
was  still  considerable  coal  left  in  the  mine  as  pillars.  The  probable  lifetime  of  the 
mine  was  10  years. 
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Hudson.    Mitchell  Mine. 

Sample. — Subbituminous  coal;  Hudson  field;  analysis  No.  17248  (p.  133). 

Mine. — Mitchell,  a  slope  mine  in  the  Shoshone  Indian  Reservation,  in  the  SW.  i 
sec.  22,  T.  1  S.,  R.  2  E.,  5  miles  from  Hudson  and  3}  miles  from  the  Indian  mine  spur 
off  the  Chicago  &  North  Western  Railway. 

Coal  bed. — ^The  bed  has  not  been  designated  by  name,  chiefly  because  most  of  the 
beds  in  this  region  are  lenticular.  Cretaceous  age,  Mesaverde  formation.  Average 
thickness,  3  feet;  dip,  20**  S.  40**  E.  No  cleats,  rolls,  or  horsebacks  have  been  encoun- 
tered. Roof,  excellent  shale,  above  which  is  sandstone;  floor,  hard,  smooth  shale. 
The  cover  at  the  point  where  the  sample  was  taken  is  about  100  feet  thick. 

The  coal  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  C.  Roberts, 
on  May  16, 1913,  as  described  below: 

Section  of  coal  bed  in  Mitchell  mine.. 


Labor&torvNo 

Roof,  sBndBtone  over  shale. 

Coal 

Shale  partmg 

Coal 

Floor,  shale. 

Thtekneas  of  bed 

ThJokness  of  ooal  sampled 


17248 

Ft. 

M. 

1 

2 

oO 
2 

1 

3 

4 

3 

^ 

a  Not  Included  in  sample. 

The  sample  was  taken  in  the  last  room  off  the  main  slope,  40  feet  from  the  slope  and 
500  feet  from  the  mouth  of  the  slope. 

Notes. — The  Mitchell  mine  is  opened  by  a  slope  which  is  5.050  feet  above  sea  level. 
Although  the  long-wall  method  of  mining  was  started,  the  workings  at  the  time  of 
sampling  consisted  mostly  of  rooms  and  gangways.  The  screening  plant  consisted 
of  bar  screens  with  1-inch  openings.  There  were  no  railway  connections  and  the 
coal  was  transported  by  wagons.  The  mine  was  operated  only  when  the  operator  had 
an  order  for  coal  for  local  consumption.    All  workings  were  advance. 

Hudson.    Proposia  Mine. 

Sample.— Ligaite;  analyses  Nos.  17244,  17245,  and  17246  (p.  133). 

Mine. — Proposia,  a  slope  mine  4  miles  from  Hudson  on  a  spur  of  the  Chicago  & 
North  Western  Railway. 

Lignite  bed. — Lander.  Cretaceous  age,  Mesaverde  formation .  Average  thickness ,  12 
feet,  ranging  from  8  to  17  feet;  dip,  14°  N.  17°  E.  There  are  no  cleats,  faults,  rolls, 
or  horsebacks  in  the  bed.  Roof,  shale  with  a  sandstone  cap  rock;  floor,  hard  smooth 
shale.  Particles  of  the  roof  and  floor  do  not  mix  with  the  coal  in  mining.  The  roof 
at  the  points  where  the  samples  were  taken  varies  from  100  to  300  feet  in  thickness. 

The  lignite  bed  was  measured  and  sampled  at  two  points  by  J.  C.  Roberts  on  May 
18,  1913,  as  described  below: 

Sections  of  lignite  bed  in  Proposia  mine. 


Section 

Laboratory  No 

Roof,  shale  under  sandstone. 

Clean  coal 

Do 

Floor,  shale. 

TnJckneos  of  bed 

Thickness  of  ooal  sampled 


A 

17244     1 

Ft. 

in. 

o7 

6 

9 

6 

17 

0 

9 

6 

B 
17245 
Ft.  in. 

8     6 

8     0 
8     0 


a  Not  included  in  sample. 

Section  A  (sample  17244)  was  measured  at  the  face  of  the  second  north  entry,  1,800 
feet  from  the  mine  mouth. 

Section  B  (sample  17245)  was  measured  at  the  face  of  the  fifth  south  entry,  1,200  feet 
from  the  mine  mouth. 
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A  composite  sample  was  made  by  mixing  samples  17244  and  17245.  The  results 
of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  17246. 

Notes. — The  Proposia  mine  is  opened  by  a  slope.  The  coal  is  mined  by  the  room- 
and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  ibot 
down  with  FF  black  blasting  powder.  The  cuttings  were  loaded  with  the  coal.  None 
of  the  coal  was  shipped  as  run-of-mine.  The  screening  equipment  consasted  of  shaking 
screens  32  feet  long  by  8  feet  wide;  diameter  of  holes  \,  2,  4,  5,  6,  and  8  inched. 
Twenty-five  per  cent  of  the  coal  was  lump;  30  per  cent  grate;  33  per  cent  nut,  and 
12  per  cent  slack.  One  picker  was  employed  on  the  screens.  The  lump  coal  was 
large  and  had  an  excellent  appearance  on  the  cars.  There  were  three  loading  tracks 
with  a  capacity  for  50  empty  cars  and  50  loaded  cars.  There  was  approximately  600 
acres  of  unmined  coal  to  be  taken  out.  The  mine  had  an  estimated  life  of  10  yeara. 
About  75  per  cent  of  the  future  tonnage  was  to  be  derived  from  advance  work  and  25 
per  cent  from  pillars.  The  daily  output  at  the  time  of  sampling  (May,  1913)  was  1,100 
tons,  with  a  maximum  day's  run  of  1,300  tons. 

HOT  SPBINQS  COITirrY. 

Crosby.    Big  Horn  Mike. 

iS^omp^.— Subbituminous  coal;  analyses  Nos.  15201  to  15212,  15214  to  15219, 15234 
to  15237  (pp.  134-136). 

Mine. — Big  Horn,  a  slope  mine  at  Crosby,  2  miles  from  Kirby,  on  the  Chicago, 
Burlington  &,  Quincy  Railroad. 

Coal  bed. — Gebo.  Cretaceous  age,  Laramie  formation.  Thickness  of  coal,  5  feet 
6  inches  to  8  feet  6  inches,  not  including  the  top  coal,  which  is  about  2}  feet  thick 
and  is  left  up  for  roof;  dip,  17^  N.  15^  E.  No  &kults,  rolls,  or  horsebacks  are  encoua- 
tered.  Boof,  clay  and  shale  with  a  sandstone  cap  rock;  floor  smooth,  medium-hard, 
shaly  clay.  Neither  roof  nor  floor  particles  mixed  with  the  coal  in  mining.  Machine 
cuttings  were  loaded  with  the  coal.  The  cover  at  the  points  where  the  samples  were 
taken  varies  from  85  to  300  feet  in  thickness. 

The  coal  bed  was  measured  and  sampled  at  five  points  in  the  mine  and  four  sam- 
ples of  slack  coal  were  taken,  one  in  the  mine  and  three  from  wagons,  by  0.  U. 
Bradley,  December  6  to  17, 1912,  as  described  below: 

Sections  of  coal  bed  in  Big  Horn  mine. 


Section 

Laboratory  No 

Roof,  clay  and  shale. 

Coal 

Bony  coal 

Coal 

Bonyooal 

Coal 

Floor,  underclay. 

Thickness  of  bed 

Thickness  of  bed  sampled 


A 

/  ifiaoi 

\   15202 
Ft.    in. 

B 

15300 

15210 

Ft.    in. 

1   7 

C 

15214 

15215 

Ft.    fn. 

D 
15216 

15217 
Ft.    in. 

7  6 

0  1 

1  0 
aO   3 

5   6 

■  •    •  • 

8   1 

2  4 

aO   S 

5  11 

7   6 
7  6 

8   5 
8  2 

8   1 
8   1 

8   6 
8  3 

E 
1531S 

15219 
Ft.    in. 


5     3 


5    3 
5     3 


a  Not  included  in  sample. 

Section  A  (duplicate  samples  15201  and  15202)  was  measured  on  the  east  side  of 
room  5,  off  butt  entry  3  off  west  entry  1. 

Section  B  (duplicate  samples  15209  and  15210)  was  cut  from  east  side  of  room  5, 
50  feet  from  second  butt  dip  entry  off  west  entry  2. 

Section  C  (duplicate  samples  15214  and  15215)  was  cut  from  a  pillar  between 
rooms  6  and  7,  off  butt  entry  2  off  west  entry  1. 

Section  D  (duplicate  samples  15216  and  15217)  was  cut  from  the  face  of  room  6, 
off  first  dip  butt  entry  off  west  entry  2. 

Section  E  (duplicate  samples  15218  and  15219)  was  cut  from  the  face  of  room  9, 
off  east  entry  2,  45  feet  from  the  entry. 
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A  composite  aample  was  made  by  mixing  samples  15205,  15207,  and  15211.  The 
results  of  an  ultimate  analysis  of  this  sample  are  diown  under  laboratory  No.  15234. 

A  composite  sample  was  made  by  mixing  samples  15206,  15208,  and  15212.  The 
results  of  an  ultimate  analysicr  of  this  sample  are  diown  under  laboratory  No.  15235. 

A  composite  sample  was  made  by  mixing  samples  15201, 15210, 15216,  and  15218- 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  15236. 

A  composite  sample  was  made  by  mixing  samples  15202, 15209, 15217,  and  15219. 
The  results  of  an  ultimate  anal3rBis  of  this  sample  are  shown  under  laboratory  No.  15237. 

Duplicate  samples  15203  and  15204  represent  slack  coal  taken  from  the  mine. 

Duplicate  samples  15205  and  15206  represent  slack  from  17  wagonloads  averaging 
3,400  pounds  each. 

Duplicate  samples  15207  and  15208  represent  slack  coal  taken  from  20  wagon-loads 
averaging  3,400  pounds  each. 

Duplicate  samples  15211  and  15212  represent  slack  coal  taken  from  18  wagon-loads 
averaging  3,400  pounds  each. 

Notes. — ^The  Big  Horn  mine  is  opened  by  a  slope.  The  coal  is  mined  by  the  room- 
and-piUar  system.  At  the  time  of  sampUng  thejcoal  was  undercut  by  three  elec- 
tric coal-cutting  machines  and  four  air-pundung  machines.  It  was  shot  down  with 
black  blasting  powder.  Twenty-six  per  cent  of  the  output  passed  through  the  screens. 
Grades  of  omlI  produced  were:  Lump  coal,  that  passing  3,  4,  and  8  inch  openings; 
egg  nut,  that  passing  4-inch  to  IJ-inch  openings;  nut,  that  passing  3-inch  to  \\  inch 
openings;  pea,  that  passing  If-inch  to  }-inch  openings.  About  70  per  cent  of  the  coal 
was  shipped  under  the  first  three  classifications.  There  was  little  demand  for  the 
pea  coal  and  the  excess  was  thrown  in  with  the  slack  and  run  out  to  the  dump,  except 
a  smAll  amount  burned  in  the  company's  boilers.  The  lumps  were  large  and  had 
a  good  appearance.  There  were  four  loading  tracks  with  a  capacity  of  15  empty  and 
15  loaded  cars.  There  was  approximately  490  acres  to  be  taken  out  from  the  opening. 
The  daily  average  output  was  800  tons,  with  a  maximum  day's  run  of  815  tons. 

EiKBY.    Gebo  Mine. 

Sample, — Subbituminous  coal;  Bighorn  Basin  .field;  analyses  Nos.  15277,  15278, 
15279,  15280,  15281,  15282,  15283,  15342,  15343,  15344,  15345,  135346,  15347,  15348, 
15349,  15475,  15482,  15687,  and  16102  (pp.  136, 137). 

Afine, — Gebo,  a  slope  mine  2  miles  southwest  of  Kirby  in  the  S.  i  sec.  11,  T.  44  N., 
R.  95  W.,  on  a  spur  of  the  Chicago,  Burlington  &  Quincy  Railroad. 

Coal  bed. — Gebo.  Cretaceous  age.  Eagle  sandstone.  Average  thickness  10  feet  8 
inches,  dip  20}^  N.  24^  E.;  cleat  N.  57®  E.  No  faults,  rolls  or  horsebacks  are  encoun- 
tered. Roof,  clay  and  shale,  with  a  sandstone  cap  rock;  floor,  hard  and  smooth  sand- 
stone. Particles  of  the  roof  and  floor  seldom  mix  with  the  coal  in  mining.  Machine 
cuttings  were  loaded  with  the  coal.  The  cover  at  the  points  where  the  samples  were 
taken  varies  from  100  to  410  feet  in  thickness. 

The  coal  bed  was  measured  and  sampled  at  10  points  in  the  mine,  and  12  samples 
of  slack  were  taken  as  it  was  being  loaded  on  the  car  by  O.  U.  Bradley,  December  13 
to  27,  1912,  and  2  samples  were  taken  from  the  cars  of  slack  at  Pittsburgh,  Pa.,  by 
E.  R.  Linkenhoker  on  January  15  and  31,  1913,  as  described  below: 

Section  of  coal  bed  in  Gebo  mine. 


Section 

Laboratory  No 

Roof,  top  ooaly  day,  and  ahala. 

Clean  ooal. 

Coal,  aUgl^  bony 

Coal 

Floor,  clay. 

Thjckneasof  bed 

Thtntnaw  of  ooal  sampled . 


A 

15277 

Ft.  in. 

7  2 

0  2 

0  6 

7  10 

7  10 
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Section  A  (fuunple  15277)  was  meaBured  at  the  face  of  the  fourth  east  entry,  225 
feet  from  the  second  butt  entry. 

Sections  B,  0,  D,  E,  F,  6,  H,  I,  and  J  were  cut  as  described  below.  Sections 
B  to  £  had  a  roof  of  top  coal,  clay,  and  shale,  and  a  floor  of  clay;  sections  F  to  J  had  a 
roof  of  top  coal,  clay,  *^  slate, '*  and  sandstone,  and  a  floor  of  day. 

Section  B  (sample  15278)  represented  an  8-foot  9-inch  cut  of  coal.  It  ww 
measured  at  the  face  of  room  8  east,  second  butt  entry  off  the  fifth  entry. 

Section  C  (sample  15279)  represented  a  9-foot  8-inch  cut  of  coal.  It  was  measured 
at  the  &ce  of  room  7  east,  off  first  butt  entry  off  the  fifth  level. 

Section  D  (sample  15280)  represented  a  9-foot  2-inch  cut  of  coal.  It  was  measured 
at  the  face  of  the  third  east  entry,  400  feet  from  the  second  butt  entry. 

Section  E  (sample  15281)  represented  a  7-foot  11-inch  cut  of  coal.  It  was  meas- 
ured at  the  face  of  the  third  west  entry,  300  feet  from  the  main  slope. 

Section  F  (sample  15282)  represented  a  6-foot  9-inch  cut  of  coal.  It  was  measured 
on  a  pillar  between  room  1  west  and  the  back  entry  off  second  level. 

Section  G  (duplicate  samples  15342  and  15343)  represented  a  5-foot  9-inch  cut  of 
coal.  It  was  measured  on  a  pillar  between  the  second  west  entry  and  the  back  entry, 
375  feet  beyond  the  third  butt  entry,  1,750  feet  from  main  slope. 

Section  H  (duplicate  samples  15344  and  15345)  represented  a  6-foot  1-inch  cut  of 
coal.  It  was  measured  on  a  pillar  between  rooms  1  and  2  west,  off  the  first  butt  er  try 
off  the  second  east  entry,  about  400  feet  from  main  slope. 

Section  I  (duplicate  samples  15346  and  15347)  represented  a  6-foot  5-inch  cut  of 
coal.  It  was  measured  on  a  pillar  between  pitch  rooms  10  and  11,  off  the  first  we^t 
entry. 

Section  J  (duplicate  samples  15348  and  15349)  represented  a  6-foot  7-inch  cut  of 
coal.  It  was  measured  near  the  face  on  a  pillar  between  the  first  west  entry  and 
the  back  entry,  2,100  feet  from  the  slope. 

A  composite  sample  was  made  by  mixing  samples  15277,  15278,  15279,  and 
15280.  The  results  of  ultimate  analysis  of  this  sample  are  shown  imder  laboratory 
No.  15283. 

A  composite  sample  was  made  by  mixing  six  separate  samples  taken  from  the 
slack  as  it  was  being  loaded  into  the  cars  for  shipment.  The  results  of  an  ultimate 
analysis  of  this  sample  are  given  under  laboratory  No.  15475. 

A  composite  sample  was  made  by  mixing  six  samples  taken  from  the  slack  as  it  wa^ 
being  loaded  into  the  cars  for  shipment.  The  results  of  an  ultimate  analysis  of  this 
sample  are  given  under  laboratory  No.  15482. 

Samples  were  collected  from  each  of  two  cars  of  slack  shipped  to  Bureau  of  Minest, 
Pittsbuigh,  Pa.,  for  a  test  as  to  most  efficient  utilization.  For  the  results  of  analyoF, 
see  laboratory  Nos.  15687  and  16102. 

Notes. — ^The  Gebo  mine  is  opened  by  a  drift.  The  coal  is  mined  by  the  room-and- 
pillar  system.  At  the  time  of  sampling  it  was  undercut  by  electric  chain  machinea 
and  compressed-air  punching  machines  and  was  broken  down  with  black  blasting 
powder.  The  machine  cuttings  were  loaded  out  with  the  coal.  About  12  per  cent 
of  the  coal  was  shipped  as  run-of-mine.  The  tipple  was  equipped  with  a  shaking 
screen  42  by  7  feet,  15  feet  having  1-inch  holes,  4  feet,  l^inch  holes,  4  feet, 
2^1  nch  holes,  4  feet,  5-inch  holes,  4  feet,  8-inch  holes,  and  a  }-inch  screen  for  slack. 
No  men  were  employed  on  the  cars  or  belts  to  pick  shale  from  the  coal.  The  lumpd 
being  loaded  were  laige  and  had  a  good  appearance.  There  were  four  loading  tracks 
with  a  capacity  of  75  empty  cars  and  75  loaded  cars.  Approximately  1,000  acres  of 
coal  remained  to  be  taken  out.  The  mine  was  expected  to  have  a  lifetime  of  50 
years;  future  tonnage  was  to  be  derived  almost  wholly  from  advance  workings.  The 
daily  output  was  750  tons,  with  a  maximum  day 's  run  of  1,026  tons.  The  daily  output 
was  to  be  increased  to  1,000  tons  or  more. 
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Meeteetsb.    Dickie  No.  1  Prospect. 

Sample. — SubbituminouB  coal;  Bighorn  Basin  field;  analysis  No.  14679  (p.  137). 

Mine. — Dickie  No.  1;  a  prospect  drift  on  the  northwest  side  of  Grass  Creek  Basin, 
in  sec.  2,  T.  46  N.,  R.  99  W.,  18  miles  southeast  of  Meeteetse. 

Coal  bed. — ^No  name.  Cretaceous  age,  Gebo  formation  (Eagle  sandstone).  Dip, 
16°  N. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett,  August  23, 1912,  as  described 

below: 

Section  of  coal  bed  in  Dickie  No.  1  prospect. 


LAboratoiy  No 

Roof,  brown  abale. 

(W 

Shale 

Coal 

Coal,  bony 

Coal 

Sbale 

Coal 

Floor,  sbale. 

Tnickneas  of  bed 

ThlDkneoB  of  ooal  sampled . 


14679 

Ft.  in, 

0  1 

0  i 

0  5 

0  2 

2  6 

0  i 

0  9 

4  0 

4  0 


The  sample  was  taken  from  the  east  rib  of  the  western  of  two  short  drifts  at  a  point 

25  feet  from  the  mouth.     As  the  mine  had  been  idle  since  1910,  the  coal  was 

weathered. 

Meeteetse.    Matfield  No.  2  Prospect. 

Sample. — Subbituminous  coal;  Bighorn  Basin  field;  analysis  No.  14756  (p.  137). 

Mine. — ^Mayfield  No.  2.    A  prospect  2  miles  southwest  of  Grass  Creek  Basin,  in  E.  } 

sec.  26,  T.  46  N.,  R.  99  W.,  19  miles  southeast  of  Meeteetse. 

Coal  bed. — No  name.    Tertiary  age,  Fort  Union  formation.    Dip  5®  SE. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett  on  August  24, 1912,  as  described 

below: 

Section  of  coal  bed  in  May  field  No.  2  prospect. 


LaboraUry  No 

Roof,  gray  shale. 

Coal 

Coal,  bench  sampled  and  mined. 
Floor,  sandstone. 

Thickness  of  bed 

Thickness  of  cool  sampled 


14756 
Ft.  te. 
a24     0 
6      0 

30      0 
6      0 


a  Not  included  in  sample. 

The  sample  was  taken  at  the  face  of  the  new  drift,  30  feet  from  the  mouth. 

Notes. — ^This  prospect  was  opened  in  1911  on  the  west  side  of  a  ravine,  600  feet  south- 
west of  an  old  opening  on  the  east  side,  where  sample  No.  5770  was  collected  by 
E.  G.  Woodruff  in  1907. 

Only  the  lower  part  of  the  bed  was  mined.  The  mine  was  operated  only  inter- 
mittently, but  the  sample  represented  unweathered  coal. 

JOHKSON  COUNTY. 

BuppALO.    Prospbct. 

Sample. — Subbituminous  coal;  Sussex  field  (Bsusin  No.  2) ;  analysis  No.  10683  (p.  137). 

Mine. — ^This  sample  was  taken  from  a  small  prospect  which  was  being  operated  by 
ranchers  in  sec.  17,  T.  47  N.,  R.  81 W.  The  mine  is  18  miles  southeast  of  Buffalo  and 
about  50  miles  south  of  Regis,  which  is  the  nearest  station  on  the  Chicago,  Burlington 
d  Quincy  Railroad 
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Coal  b€d. — ^B.  Terdary  age,  Fort  Union  fonnation.  ThickneaB,  about  11  feet;  sand- 
stone capping. 

Th&  bed  was  measured  and  sampled  by  C.  H.  W^^emann  on  July  20,  1910,  u 
described  below: 

Section  of  coal  bed  in  prospect^  18  miles  eoutheast  of  Buffalo. 


LaborstoryNo 10683 

Roof,  white  aaodstane.  Ft.  in. 


doal. 

ShalAygray 

Coal 

Shale 

Goal 

Shale 

Coal 

Floor,  not  stated. 

Thickness  of  bed. , 

Thickness  of  ooal  sampled . 


•0  6 

•2  0 

•2  S 

«0  1 

S  4 

•0  I 

•2  5 

10  H 

3  4 


•  Not  included  in  saaix»le. 

For  a  description  of  the  geologic  relations  of  this  bed,  see  U.  S.  Geol.  Survey  Bull. 
471,  p.  454. 

Cabpbr.    PnoaPBCT. 

Sample. — Subbituminous  coal;  Sussex  field  (Basin  No.  3);  analysis  No.  10728 
(p.  137). 

Mine. — ^Prospect  in  sec.  23,  T.  44  N.,  R.  81 W.,  about  75  miles  north  of  Casper,  which 
is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coed  bed. — ^Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  6  feet  3 
inches;  cap  rock,  sandstone. 

The  coal  bed  was  sampled  by  C.  H.  Wegemann  on  July  20, 1910,  as  described  below: 

Section  of  coal  bed  in  proepect,  75  miles  north  of  Casper. 


Laboratorv  No. , 

Roof,  sBOMStaad. 

Shale 


Coal. 


Coal,  bony 

Coal 

Floor,  not  stated. 

Tnicknessof  bed 

Thickness  of  ooal  sampled. 


10728 

Ft.  m 

CO  6 

3  7 

CO  2 

•  2  0 

6  3 

3  7 


a  Not  included  In  sample. 

Note. — Coal  had  been  mined  at  this  prospect  to  some  extent  for  local  use. 
For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
BuU.  471,  p.  458. 

Casper.    Prospect. 

iSampZ^.— Subbituminous  coal;  Sussex  field  (Basin  No.  4);  analysis  No.   10801 

(p.  137). 

Jfine.— Prospect  in  sec.  36,  T.  43  N.,  R.  79  W.,  about  60  miles  north  of  Casper,  which 
is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  &€d.— Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  about  14 
feet.    It  was  sampled  by  C.  H.  W^^mann,  August  16, 1910,  as  described  below: 
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Section  of  coa  bed  in  profpecty  about  60  miles  north  of  Casper. 


Laboratory  No 

Roof,  not  stated. 

Sbate 

COBl 

Sbale 

Coal 

Coal,  bony 

SaT. 

Shale 

Coal 

Shale 

Coal 

Coal,  bony 

Coal 

Floor,  not  stated. 

Tmekneflsofbed 

Thlckneas  of  ooal  sampled 


10804 

Ft. 

in. 

aO 

6 

aO 

8 

al 

2 

2 

5 

aO 

5 

1 

2 

aO 

6 

al 

1 

al 

0 

al 

2 

aO 

7 

«2 

3 

12 

11 

3 

7 

a  Not  included  In  sample. 

For  a  description  of  the  geologic  relations  of  this  bed,  see  U.  S.  Geol.  Survey  Bull. 
471,  p.  462. 

Gasper.    Puggslby  Mine. 

Sample. — Subbituminous  coal;  Sussex  field  (Basin  No.  4);  analysis  No.  10827  (p.  138). 

Mine. — Puggsley,  a  mine  in  sec.  20,  T.  42  N.,  R.  77  W.,  65  miles  north  of  Casper, 
which  is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  20  feet  5 
inches.  It  was  sampled  at  one  point  in  this  mine  by  Carroll  H.  W^emanii,  on  August 
26, 1910,  as  described  below: 

Section  of  coal  bed  in  Puggsley  mine. 


Laboratory  No 

Roof,  not  stated. 

Coal 

Bone 

Coal 

Sliale  and  ooal 

Coal 

Coal,  bony 

Coal 

Bone 

Coal 

Shale 

Coal 

Floor,  not  stated. 

Tniekneasofbed 

Thickness  of  ooal  sampled 


1U82: 

r 

Ft. 

in. 

aO 

10 

aO 

4 

a3 

0 

al 

10 

5 

0 

aO 

3 

aO 

8 

aO 

7 

a4 

2 

aO 

3 

a3 

6 

20 

5 

5 

0 

o  Not  included  in  sample. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  471,  1912,  p.  461. 

Casper.    Prospect. 


Sample. — Subbituminous  coal;  Sussex  field;  analysis  No.  11059  (p.  138). 
Mine. — ^IVospect  in  sec.  32,  T.  41 N.,  R.  78  W.,  50  miles  north  of  Casper,  which  is  the 
nearest  station  on  the  Chicago  &  North  Western  Railway. 
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Coal  bed. — Unnamed .  Tertiary  age,  Fort  Union  ( ?)  formation .  Bed ,  3  feet  10  incheB 
thick,  with  a  sandstone  cap  rock  12  feet  thick,  and  a  sandstone  floor.  The  coal  bed 
was  sampled  by  C.  J.  Hares  on  October  6,  1910,  as  described  below: 

Section  of  coal  bed  in  prospect,  60  mUes  north  of  Casper. 


Laboratory  No 11009 

Roof,  aandstone.  Ft.  in. 

Coal 2     2 

Sandstone "0     8 

Shale •!     0 

Floor  sandstone. 

TbicknesBofbed 3    10 

TblDkneaB  of  ooal  sampled !  2     2 

a  Not  Incladed  In  sample. 
Note. — ^The  coal  had  been  mined  to  some  extent  for  local  use. 

Katcbe.    Abandoned  Mine. 

Sample. — Bituminous  coal;  Sussex  field  (Basin  No.  3);  analysis  No.  10094  (p.  138). 

Mine. — ^An  abandoned  mine  in  sec.  24,  T.  44  N.,  R.  81  W.,  6  miles  northeast  of 
Kaycee  and  about  bO  miles  north  of  Bucknum.  which  is  the  nearest  station  on  the 
Chicago  &  North  Western  Railway. 

Coal  bed. — Unnamed.    Cretaceous  age,  Fort  Union  formation. 

The  bed  was  sampled  at  one  point  in  the  mine  by  O.  B.  Hopkins.  The  sample  re\>- 
resented  the  entire  face  section  of  the  coal  bed. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  471,  1912,  p.  459. 

NATBONA  COITirrY 

Casper.    Red  Ash  Mine. 

Sample. — Bubbituminous  coal;  Wind  River  field;  analysis  No.  10671  (p.  138). 

Mine.— Red  Ash,  a  drift  mine  in  sec.  14,  T.  31  N.,  R.  82  W.,  Platte  River  district, 
about  25  miles  southw^est  of  Casper,  which  is  the  nearest  station  on  the  Chicago  A  North 
Western  Railway. 

Coal  bed. — Not  named.  Cretaceous  age.  Fort  Union  formation.  Thickness,  6  feet 
3  inches.  The  bed  is  overlain  with  4  inches  of  carbonaceous  shale  capped  by  sand- 
stone; floor,  carbonaceous  shale. 

.  The  bed  was  sampled  at  one  point  in  the  mine  by  D.  E.  Winchester  on  July  9, 1910. 
The  sample  was  taken  at  the  face  of  the  second  and  last  room  off  the  main  entry,  about 
300  feet  from  the  mine  mouth. 

Note. — ^The  mine  had  been  worked  periodically  to  supply  local  use,  but  was  idle  at 
the  time  of  sampling. 

PABK  COI7in?Y. 

Cody.    McGufpey  Mine. 

Sample. — Subbituminous  coal;  Bighorn  Basin  field;  analysis  No.  12886  (p.  138). 

Mine. — ^McGuffey;  a  slope  mine  on  the  north  side  of  Oregon  Basin,  in  sec.  17,  T. 
52  N.,  R.  100  W.,  9  miles  southeast  of  Cody. 

Coal  bed. — ^Unnamed.  Cretaceous  age;  Gebo  formation  (Eagle  sandstone).  Dip, 
14«  NE. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett  on  August  18,  1911,  as  shown 
below: 
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Section  of  coal  bed  in  the  MoGuffey  mine. 


Laboratory  No 

Roof,  bhie  shale. 

Coal 

Coal,  high  jn  pyrite 

Coal 

Shale 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


12886 
Ft.  fn. 
0     5 


0 
0 

1 


1 

7 
5 
7 


3      1 
2     8 


a  Not  Inoluded  in  sample. 

The  sample  was  taken  from  the  east  rib  of  a  room  20  feet  above  entry  3,  at  a  point 
70  feet  east  of  the  slope.    The  coal  was  unweathered. 
Note. — ^The  mine  had  been  opened  in  1910  and  operated  throughout  the  year. 

Mebteetse.    Black  Diamond  Mine. 

Sample. — Subbituminous  coal;  Bighorn  Basin  field;  analysis  No.  12887  (p.  138). 

MiTie. — Black  Diamond;  a  slope  mine  in  sec.  21,  T.  49  N.,  R.  100  W.,  4  miles  north 
of  Meeteetse. 

Coal  bed. — No  name.  Tertiary  age,  Fort  Union  formation.  Thickness,  42  inches; 
roof,  sandstone  overlain  with  shale;  floor»  shale;  dip,  18^  NE. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett  on  September  11,  1911.  The 
sample  represented  ^  feet  of  coal,  including  the  entire  bed. 

The  sample  was  taken  from  the  breast  of  a  room  30  feet  above  entry  6,  at  a  point 
200  feet  west  of  the  slope. 

JVbte.— This  is  the  same  mine  sampled  by  E.  G.  Woodruff  in  1907  (No.  5768).  Under 
No.  5768  the  location  is  incorrectly  given  as  sec.  28,  T.  49  N.,  R.  100  W.  The  mine 
was  operated  throughout  the  year. 

Meeteetse.    Gretbull  or  Wilson  Mine. 

Sample. — Subbitimiinous  coal;  Bighorn  Baain  field;  analysis  No.  12888  (p.  138). 

Mine.— GieyhuU  or  Wilson;  a  slope  mine  in  the  SE.  J  sec.  13,  T.  48  N.,  R.  101  W., 
3}  miles  southwest  of  Meeteetse  and  40  miles  south  of  Cody. 

Coal  bed. — No  name.  Cretaceous  age,  Gebo  formation  (Eagle  sandstone).  Dip, 
5^  NE.;  thickness,  5}  to  6  feet. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett  on  September  12,  1911,  as 

shown  below: 

Section  of  coal  bed  in  GreybtUl  or  Wilson  mine. 


Laboratory  No 

Roof,  sandstone. 

Coal 

Shale 

Coal 

Shale 

Coal 

Floor,  shale. 

Thioknessofbed 

Thickness  of  coal  sampled . 


12888 
Ft.  in. 


2 

2 


6 
3 
1 
4 
5 


5      7 
4      6 


a  Not  included  in  sample. 

The  sample  was  taken  from  the  face  of  a  room  200  feet  northwest  of  the  slope,  at 
a  point  400  feet  from  the  mine  mouth. 

Notes. — ^This  mine  lies  on  the  north  side  of  GreybuU  River  and  adjoins  the  Erskine 
mine,  sampled  by  E.  G.  Woodruff  in  1907  (sample  No.  5769).  The  Erskine  mine 
and  the  Wilson  mine  operate  the  same  bed,  though  the  coal  sections  in  the  respective 
mines  differ  considerably.    The  mine  was  operated  throughout  the  year. 
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WiLBY.    Eagle  Mine. 

Sample. — SubbituminouB  coal;  Bighorn  Baain  field;  analysis  No.  12885  (p.  139} . 

Mine. — Eagle.    A  slope  mine  east  of  Oregon  Basin,  in  the  SW.  i  sec.  2,  T.  51  N. 
R.  100  W.,  2  miles  northeast  of  Wiley,  13  miles  southeast  of  Cody. 

Coal  bed. — No  name.    Cretaceous  age,  Meeteetse  formation.    Dip,  34^  E. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett  on  August  16,  1911,  as  shown 
below: 

Section  of  coal  bed  in  Eagle  mine. 


Laborataiy  No 

Roof,  soft  gray  shale. 

Coal 

Coal,  bony 

Shale. 

Coal 

Shale 

Coal 

Floor,  brovm  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


12885 

Fu  in, 

1  4 

1  0 
•  0  1 

0  11 

aO  2 

2  3 

5  8 

5  5 


o  Not  included  in  sample. 

The  sample  was  take  from  the  west  rib  of  the  north  entry,  6  feet  from  the  bottom  of 
the  shaft.    The  coal  was  un weathered. 
Note. — The  mine  had  been  idle  since  1910. 

Wiley.    East  Wiley  Mine. 

Sample. — Subbituminous  coal;  Bighorn  Basin  field;  analysis  No.  12884  (p.  139). 

Mine. — East  Wiley,  a  slope  mine  on  the  east  side  of  Oregon  Basin,  in  the  SE.  } 
sec.  10,  T.  51  N.,  R.  100  W.,  6  miles  east  of  Wiley  and  14  miles  southeast  of  Cody. 

Coal  bed. — No  name.    Cretaceous  age,  Gebo  (Eagle  sandstone)  formation.    Dip,  22^ 
E.    Roof,  shale;  floor,  brown  shale  on  massive  sandstone. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett  on  August  14, 1911,  m  shown 
below: 

Section  of  coal  bed  in  Ea»t  Wiley  mine. 


Laboratory  No 

Roof,  shale. 

Coal 

Shale 

Coal 

Floor,  brown  shale  on  massive  sandstone. 

Thickness  of  bed 

Thickness  of  coal  sampled 


13884 
Ft,  in. 

1  6 
•  0  5 

2  1 

4  0 

3  7 


o  Not  included  in  sample. 

The  sample  was  taken  from  the  south  rib  of  the  slope  at  a  point  180  feet  from  the 
mouth.    The  coal  was  unweathered. 

JVbtM.— This  mine  wa^  sampled  by  E.  G.  Woodruff  in  1907  (sample  No.  5762).  The 
several  benches  of  the  bed  vary  greatly  in  thickness  in  the  workings,  but  the  total 
thickness  of  the  bed  is  nearly  uniform.    The  mine  was  operated  intermittently. 

Wiley.    West  Wiley  (Thompson)  Minb. 

Sample. — Subbituminous  coal;  Bighorn  Basin  field;  analysis  No.  12883  (p.  139). 

Mine. — ^West  Wiley.  A  drift  miiie  on  the  southwest  aide  of  the  Oregon  Basiii,  in 
sec.  34,  T.  51 N.,  R.  101 W.,  4  miles  southwest  of  Wiley  and  15  miles  southeast  of  Cody. 
Operated  intermittently. 
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Coal  bed. — No  name.    Gretaceoiu  age;  Gebo  (Eagle  sandstone)  formation.    Dip, 
28*>SW. 
The  bed  was  measured  and  sampled  by  D.  F.  Hewett,  June  30, 1911,  as  shown  below: 

Section  of  coal  bed  in  West  Wiley  mine. 


Laboratory  No 

Roof,  shale. 

Coal,  bony 

Sbale 

Coal,  bony 

Coal 

Sbale 

Coal 

Shale,  black,  soft 

Coal,  extremely  variable 

Floor,  sandstone. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


12R83 

Ft. 

in. 

oO 

0 

»0 

4 

aO 

4 

1 

7 

aO 

3 

1 

8 

oQ 

4 

00 

4 

6 

7 

8 

8 

a  Not  hicluded  In  sample. 

The  sample  was  taken  from  the  face  of  a  room  300  feet  from  the  mouth  of  the  drift 
at  a  point  40  feet  below  the  surface.    The  coal  was  unweathered. 

Notes. — This  mine  was  sampled  by  E.  G.  Woodruff  in  1907  (sample  No.  5767),  but 
at  the  time  of  sampling  the  slope  had  been  abandoned  and  the  coal  was  mined  from  a 
drift.  The  several  benches  of  the  bed  vary  greatly  in  thickness  throughout  the 
workings,  the  total  thickness  varying  from  4  feet  4  inches  to  6  feet. 

SHBBIDAN  COUirrY. 

Acme.    Acme  No.  1  Mine. 

Sample. — Subbituminous  coal,  Sheridan  field;  analyses  Nos.  10823,  10824,  10826, 
and  12687  (p.  139). 

Mine. — ^Acme  No.  1,  a  drift  mine  at  Acme,  in  the  SE.  \  sec.  13,  T.  57  N.,  R.  85  W., 
on  the  main  line  of  the  Chicago,  Burlington  &  Quincy  Railroad. 

Coal  bed. — Carney.  Tertiary  age,  Fort  Union  formation.  Average  thickness,  16 
feet;  dip,  1^  SE.;  roof,  soft  shale  or  soapstone;  floor,  shaly  clay,  fedrly  hard. 

The  bed  was  measured  and  sampled  at  three  points  by  H.  M.  Wolflin,  on  August  29, 
1910,  and  at  one  point  by  O.  B.  Hopkins,  September  30,  1911,  as  described  below: 

Sections  of  coal  bed  in  Acme  No.  1  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Dirty  ooaL 

Soft  gray  shale 

CoaL 

Coal  and  shale 

Shale 

Coal 

Qray  shale 

Bony  coal 

Bottom  coal,  clean 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


A 

10823 
Ft.  in. 

B 
10824 
Ft.  in. 

C 

10626 

Ft.  in. 

aO    10 

al      0 

a  6      2 

o'o  io 

6     2 

a'i      0 

aO      4 

0    10 

■7  'i\ 

aO      5 

■   ■              mm 

•  7     0 

7     0 
6     2 

8      2 
6    10 

17       \ 
7      7} 

D 
12687 
Ft.  in. 


04     0 


al 

8 

aO 


8 
0 
7 


•  7     0 

20    10 
8     0 


o  Not  Included  In  sample. 


Section  A  (sample  10823)  was  measured  on  the  pillar  of  room  9  off  east  entry  5,  off 
the  main  entry.    The  sample  was  from  the  bottom  coal. 

Section  B  (sample  10824)  was  measiu-cd  on  the  pillar  of  room  1,  off  west  entry  3, 
off  the  main  north  entry,  and  represented  bottom  coal. 
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Section  C  (sample  10826)  was  measured  on  the  pillar  near  the  £ace  of  west  entry  3, 
off  the  main  north  entry;  it  represented  top  coal. 

The  point  of  measurement  of  section  D  was  not  recorded. 

Notes, — ^The  room-and-pillar  system  of  mining  was  used.  At  the  time  of  samj^ing 
black  powder  was  used  for  breaking  the  coal  when  undercut  and  for  brushing  the 
top  and  taking  up  the  bottom.  None  of  the  coal  was  shipped  as  nin-of-mine.  It  was 
all  passed  over  bar  screens  set  1),  3,  4,  and  5  inches  apart.  The  8creeniz)g8  from 
the  bar  screens  passed  through  revolving  screens  with  openings  of  1  and  2  inches. 
The  coal  was  clean  and  free  from  rock  but  had  a  tendency  to  slack.  There  was  only 
one  loading  track,  with  a  capacity  of  30  cars.  The  output  of  the  mine  was  350  tons 
per  day. 

Acme.    Acmb  No.  2  Mine. 

i8^amp2e.— Subbituminous  coal;  Sheridan  field;  analyses  Nos.  10807,  10808,  10609, 
10811,  and  12683  (p.  139). 

Mine, — ^Acme  No.  2,  a  drift  mine  at  Acme,  in  sec.  13,  T.  57  N.,  R.  85  W.,  on  the 
main  line  of  the  Chicago,  Burlington  &  Quincy  Railroad. 

Coal  beds, — Carney  and  Masters.    Tertiary  age,  Fort  Union  formation.    Total  thick- 
ness of  Carney  bed,  8  feet;  thickness  of  workable  portion,   6  feet;  dip,  1®  southwest 
thickness  of  Masters  bed,  7  to  9  feet.    Roof,  Carney  bed,  soft  shale  above  roof  coal 
followed  by  soft  sandstone;  Masters  bed,  shale.    Floor,  Carney  bed,  black  shaly  clay 
Masters  bed,  shale. 

The  Carney  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  H.  M, 
Wolflin,  on  August  24, 1910,  as  described  below: 

Sections  of  Carney  bed  in  Acme  No.  t  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Koof  coal 

Clean  coal 

Woody  coal 

Clean  coal 

Floor,  black  shalv  clay. 

Triickness  of  oed 

Thickness  of  coal  sampled 


A 

10807 

Ft,    in. 

B 

10808 

FU    in. 

C 

10809 

FU    in. 

2  io 

1  4 

2  2 

2  8 

1  4 

2  2 

•  •        •  w 

2  6 

1  4 

2  3i 

6   4 

6   4 

6   2 
6   2 

6   U 
6   1} 

D 

10811 
FU    nt. 

2      8' 

1  2 

2  8} 

6      U 
6      «{ 


Section  A  (sample  10807)  was  measured  at  the  face  of  room  13  off  south  entry  2  off 
west  entry  3. 
Section  B  (sample  10808)  was  measured  at  the  face  of  south  entry  5  off  west  entry  3. 
Section  C  (sample  10809)  was  measured  at  the  face  of  room  1  off  north  entry  1  off  west 

entry  5. 

Section  D  (sample  10811)  was  measured  on  a  pillar  of  west  entry  1. 

The  Masters  bed  was  measured  and  sampled  on  September  30,  1911,  by  O.  B. 
Hopkins,  as  described  below: 

Section  of  Masters  bed  in  Acme  No,  t  mine. 


Laboratory  No 

Roof,  shale. 

Coal 

Coal 

Floor,  shale. 

Thickness  of  bod 

Thickness  of  coal  sampled 


12683 

Ft. 

in. 

ol 

6 

7 

0 

8 

a 

7 

0 

a  Not  included  In  sample. 

Sample  12683  was  taken  2,000  feet  northeast  of  the  mine  mouth. 
Notes. — ^The  coal  is  subbituminous  merging  into  lignite.    About  48  per  cent  of  the 
output  was  shipped  as  run-of-mine.    About  10  per  cent  was  disposed  of  as  screen- 


WYOMING:  SHEBIDAN  COUNTY.  405 

ings.   The  Bcreening  plant  was  the  same  one  described  under  Acme  No.  1  mine.  The 

room-and-pillar  system  of  mining  was  used;  60  per  cent  of  the  coal  was  produced  from 

advance  workings.    The  ultimate  recovery  was  expected  to  be  90  per  cent.    Black 

powder  was  used  for  breaking  down  the  coal,  brushing  the  top,  and  taking  up  the 

bottom. 

Oabnetvillb.    Gabnet  Mines. 

S€anples. — Subbituminous  coal,  Sheridan  field;  analyses  Nos.  12684,  15677,  15678, 
15679,  15680,  15681,  15682,  15683,  15684,  15685,  and  15686  (pp.  140, 141). 

Mines. — Carney,  two  drift  mines  north  of  Gameyville,  in  sees.  16  and  17,  T.  57  N., 
R.  84  W.,  on  the  Chicago,  Burlington  &  Quincy  Railroad. 

Coal  bed.  — Known  as  the  Carney .  Tertiary  age ;  Fort  Union  formation .  Thickness, 
fairly  uniform,  ranging  from  16  to  18  feet,  10  to  12  feet  of  which  is  mined.  Dip,  1°  to 
2^  S£.  The  coal  is  mined  to  a  clay  parting  1}  to  6  inches  thick;  in  some  places  it  is 
rather  soft  and  in  falling  becomes  mixed  with  the  coal.  Above  the  parting  is  4  to  4} 
feet  of  coal  of  good  grade;  it  makes  an  excellent  roof  and  no  timbering  is  required  in 
the  rooms  or  entries.  Above  this  roof  coal  there  is  1  foot  to  1  foot  2  inches  of  clay 
dhale  which  falls  easily.  Floor,  rather  smooth,  soft  underclay.  In  places  a  streak  of 
bony  coal  2  to  6  inches  thick  appears  at  the  bottom  of  the  coal  bed  next  to  the  under- 
clay. Where  this  streak  was  present  the  undercutting  was  done  above  it.  The  cover 
ranges  from  200  to  225  feet. 

The  bed  was  measured  and  sampled  at  one  point  by  O.  B.  Hopkins,  on  October  4, 
1911,  as  described  below: 

Section  of  coal  bed  in  Carney  mine. 


Laboratory  No 

Coal 

Shale 

Coal 

Thickness  of  bed 

Thickness  of  coal  sampled , 


12684 

Ft.  in. 

aS  0 

al  0 

10  0 

16  0 

10  0 


a  Not  included  in  sampie. 

The  section  (sample  12684)  was  measured  1,000  feet  northwest  of  the  mine  mouth. 

The  coal  bed  was  also  measured  and  sampled  at  four  points  in  No.  1  mine  and  five 
points  in  No.  2  mine  by  0.  U.  Bradley  on  January  1  to  9,  1913,  as  described  below: 

Section  A  (sample  15677)  was  measured  at  the  face  of  room  10,  off  north  entry  4,  off 
east  entry  2.    The  sample  represented  a  10-foot  6-inch  cut  of  coal. 

Section  B  (sample  15678)  was  measured  25  feet  in  room  9,  north  entry  2,  of!  west 
entry  4.    The  sample  represented  an  11-foot  2-inch  cut  of  coal. 

Section  G  (sample  15679)  was  measured  at  the  face  of  the  main  entry.  The  sample 
represented  a  10-foot  10-inch  cut  of  coal. 

Section  D  (sample  15680)  was  measured  at  the  face  of  room  12,  off  north  entry  4,  off 
west  entry  3,  75  feet  from  north  entry  4.  The  sample  represented  a  10-foot  1-inch 
cut  of  coal. 

These  samples  were  from  No.  1  mine;  those  from  No.  2  mine  follow. 

Section  A  (sample  15681)  was  measured  at  the  face  of  room  5,  off  north  entry  2,  off 
west  entry  2.    The  sample  represented  an  11-foot  10-inch  cut  of  coal. 

Sectioli  B  (sample  15682)  was  measured  85  feet  in  room  16  at  face,  off  north  entry  3, 
off  east  entry  1.    The  sample  represented  an  11-foot  1-inch  cut  of  coal. 

Section  G  (sample  15683)  was  measured  125  feet  in  room  15  at  face,  off  north  entry  2, 
off  east  entry  2.    The  sample  represented  an  10-foot  11-inch  cut  of  coal. 

Section  D  (sample  15684)  was  measured  at  the  face  of  the  main  north  entry.  The 
sample  represented  an  11-foot  7-inch  cut  of  coal. 

Section  E  (sample  15685)  waj3  measured  65  feet  in  room  9  at  face,  off  north  entry  4, 
off  west  entry  1.    The  sample  represented  a  10-foot  5-inch  cut  of  coal. 
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A  composite  sample  was  made  by  mixing  samples  15677, 15678, 15679,  15680,  15681, 
15682,  15683,  15684,  and  15685.  The  results  of  an  ultimate  analysis  of  this  sample  are 
given  under  laboratory  No.  15686. 

Notes, — ^The  coal  was  mined  by  the  panel  method,  room-and-pillar  system.  At  tlie 
time  of  sampling  the  coal  was  undercut  by  chain  breast  machines  in  the  bottom  part 
of  the  bed  and  shot  down  with  black  powder.  One  wooden  tipple  was  in  constant  use 
at  the  mines  and  a  new  steel  tipple  had  been  built  as  a  reserve  when  heavy  orders  were 
received.  About  22  per  cent  of  the  coal  was  shipped  in  run-of-mine  form,  and  about 
68  per  cent  passed  through  the  screens.  The  wooden  tipple  had  bar  screens  7  feet  long, 
Zi  feet  wide,  with  5i-inch  spaces;  shaker  screen,  7^  feet  by  8  feet,  with  holes  2^  inches 
in  diameter,  and  a  revolving  screen  28  feet  long  divided  into  two  sizes,  as  follows:  12 
feet  with  1-inch  holes  and  16  feet  with  ^inch  holes.  No  pickers  were  employed.  Tlie 
tipple  was  rather  high,  and  the  coal  fell  such  a  distance  in  screening  that  an  unusually 
large  percentage  of  fine  coal  was  produced.  All  slack  coal,  which  at  times  indoded 
all  sizes  below  li  inches,  was  loaded  direct  into  box  or  flat  cars,  hauled  out,  and 
dumped.  During  certain  months  of  the  year,  when  demand  for  the  fine  coal  was 
small,  this  waste  amounted  to  2,000  to  3,000  tons  per  month.  The  loaded  lumps  were 
medium  large  and  had  a  good  appearance  on  the  cars.  Three  loading  tracks  were 
available,  with  a  capacity  of  160  loaded  and  160  empty  cars.  About  1,800  acres  re- 
mained to  be  mined.  Average  daily  output,  1,800  tons,  with  a  maximum  day's  nm 
of  2,200  tons. 

DiETZ.    DiETZ  No.  4  Mine. 

Sample. — Subbituminous  coal;  Powder  River  field;  analyses  Noe.  16221,  16222, 
16223,  16224,  16225,  16226,  16227,  16228,  13498,  13499,  13537  (p.  141). 

Mine. — Dietz  No.  4,  a  slope  mine  in  sec.  34,  T.  57  N.,  R.  84  W.,  at  Dietz,  on  the  main 
line  of  tho  Chicago,  Burlington  A  Quincy  Railroad. 

Coal  bed. — Dietz  No.  2  (?).  Tertiary  age,  Fort  Union  formation.  Average  thick- 
ness, 8  feet.  The  bed  is  practically  horizontal,  and  very  few  faults,  rolls,  or  horse- 
backs are  encountered.  Roof,  bony  coal  about  6  inches  thick,  overlain  by  gray 
shale.  The  floor  is  a  shaly  clay,  and  in  many  places  is  wet  and  soft,  and  particles  of 
it  mix  with  the  coal  in  loading.  The  cover  at  the  points  where  the  samples  were 
taken  varies  from  100  to  220  feet  in  thickness. 

Thp  coal  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  H.  M.  Wolfiin, 
January  12,  1912,  as  described  below: 

Sections  of  coal  bed  in  Dietz  No.  4  mine. 


Section 

Laboratory  No 

Roof,  ooal  and  shale. 

Clean  ooal 

Bony  ooal , 

Clean  coal 

Floor,  shaly  clay. 

Thickness  of  coal  mined . . 

Thickness  of  bed  sampled 


A 

L 

13498 

int.  in. 

2 

U) 

0 

1 

s 

H 

8 
8 

n 

B 

13409 

FL    <«. 

3  9 

0  3 

3  9 

7  8 

7  8 


Section  A  (sample  13498)  was  measured  at  the  face  of  room  3,  off  west  entry  4. 

Section  B  (sample  13499)  was  measured  at  the  face  of  room  1,  off  west  entry  12,  off 
the  main  north  entry. 

A  composite  sample  was  made  by  mixing  face  samples  13498  and  13499;  the 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  13537. 

The  bed  was  also  measured  and  sampled  at  seven  points  in  the  mine  by  O.  U.  Brad- 
ley, January  31  to  February  3,  1913,  as  described  below: 
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Section  A  (sample  16221)  was  measured  at  the  face  of  room  9,  off  west  entry  6  off 
north  entry  6.  The  sample  represented  a  7}  foot  cut  of  coal,  the  thickness  of  the  coal 
mined. 

Section  B  (sample  16222)  was  measured  at  the  face  of  room  2,  off  west  entry  12  off 
north  entry  4.  The  sample  represented  a  7-foot  7-inch  cut  of  coal,  the  thickness  of 
the  coal  mined. 

Section  C  (sample  16223)  was  measured  at  the  face  of  north  entry  4  off  west  entry 
4.    The  sample  represented  a  7Hoot  cut  of  coal,  the  thickness  of  the  coal  mined. 

Section  D  (sample  16224)  was  measured  at  the  face  of  room  10,  off  east  entry  5 
off  the  main  norUi  entry.  The  sample  represented  a  7-foot  5-inch  cut  of  coal,  the 
thickness  of  the  coal  mined. 

Section  £  (sample  16225)  was  measured  at  the  face  of  the  main  north  entry.  The 
sample  represented  a  7-foot  1-inch  cut  of  coal,  the  thickness  of  the  coal  mined. 

Section  F  (sample  16226)  was  measured  on  pillar  in  room  9,  off  east  entry  14.  The 
sample  represented  an  8-foot  7-inch  cut  of  coal,  the  thickness  of  the  coal  mined. 

Section  G  (sample  16227)  was  measured  at  the  face  of  main  entry,  150  feet  from 
opening.  The  sample  represented  a  6-foot  1-inch  cut  of  coal,  the  thickness  of  the  coal 
mined. 

A  composite  sample  was  made  by  mixing  the  pillar  and  face  samples  16221  to  16227^ 
inclusive.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  labora- 
tory No.  16228. 

Notes. — ^The  Dietz  No.  4  mine  is  opened  by  a  slope.  At  the  time  of  sampling  the 
coal  was  mined  by  the  double-entry  room-and-pillar  system.  Part  of  the  coal  was 
undercut  by  hand  and  part  was  shot  off  the  solid.  The  cuttings  from  mining  were 
loaded  with  the  coal.  The  coal  was  shot  down  with  black  blasting  powder.  The 
screening  plant  consisted  of  shaker  screens  as  follows:  Screen  6  by  8  feet  with  7-inch 
holes;  screens  2i  by  8  feet  with  2i-inch  holes,  3^  by  8  feet  with  2-inch  holes;  6  by  8 
feet  with  l^-inch  holes;  and  25  by  8  feet  with  }-inch  holes.  None  of  the  coal  was 
shipped  in  run-of-mine  form.  No  pickers  were  employed.  The  lump  coal  had  a 
firm  and  fairly  clean  appearance  on  the  can  and  was  medium  large.  The  coal  screen- 
ings were  fairly  clean  and  well  sized.  There  were  five  loading  tracks  with  a  capacity 
of  48  empty  cars  and  48  or  more  loaded  cars.  The  mine  had  a  probable  lifetime  of 
about  six  years;  the  tonnage  was  to  be  derived  from  both  advance  and  pillar  work. 
The  daily  output  of  the  mine  was  1,000  tons,  with  a  maximum  day's  run  of  1,500  tons; 
1,000  tons  was  about  the  capacity  of  the  plant. 

Eooi.    HuGHEY  Prospbct. 

8ampU, — Subbituminous  coal;  Sheridan  field;  analysis  No.  12642  (p.  141). 
Pttxpeef.— Hughey;  sec.  27,  T.  57  N.,  K.  85  W.,  IJ  miles  south  of  Kooi. 
Coal  bed, — ^Monardi  (  7).    Tertiary  age,  Fort  Union  formation.    Boof  and  floor,  shale. 
The  bed  was  measured  and  sampled  by  O.  B.  Hopkins  on  September  11, 1911.    The 
sample  represented  a  4-foot  cut  of  coal,  the  thickness  of  the  bed. 

Kooi.    Kooi  Mine. 

Sample. — Subbituminous  coal;  Sheridan  field;  analyses  Nos.  10818,  10819,  10820, 
10821, 12641, 16060, 16061, 16062, 16063,  16064,  16065, 16066,  and  16067  (pp.  141, 142). 

3ime. — ^Kooi;  a  slope  mine  in  sec.  23,  T.  57  N.,  R.  85  W. ;  at  Kooi  on  a  branch  of  the 
Chicago,  Burlington  &  Quincy  Kailroad,  about  three-fourths  of  a  mile  from  the 
mainline. 

Coal  bed. — ^Known  as  the  Monarch.  Average  thickness  of  the  coal  as  mined,  8  feet 
6  inches.  The  bed  dips  1^  S.  4^  £.  with  a  pronounced  east-and-west  cleat.  The  roof 
is  coal  of  variable  thickness;  above  the  roof  coal  is  a  thick  bed  of  alternate  coal  and 
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shale.    Floor,  hard  day,  which  becomes  soft  when  wet.    The  cover,  at  the  points 
where  the  samples  were  taken,  ranges  from  50  to  210  feet. 

The  bed  was  measured  and  sampled  at  four  points  by  H.  M.  Wolflin,  on  August  26, 
1910,  and  at  one  point  by  0.  B.  Hopkins,  on  September  11, 1911,  as  described  below: 

Sections  of  coal  bed  in  Kooi  mine. 


Section 

Laboratory  No 

Roof,  coal  and  shale. 

Topooal 

Shalyooal 

Clean  ooal 

Shalyooal 

Coal 

Shale 

Coal 

Shale 

Coal,  clean 

Floor,  clay. 

Thidaiess  of  bed 

Thickness  of  ooal  sampled . 


A 

10618 

Ft,   in. 

a'b     4 
1    10 
oO      5^ 


8      5 


B 

10619 

Ft,  in, 

020     0 

aO     3 

1      3 


7  8 

28  Hi 

8  6 


C 
10620 
Ft,   in. 
a25     0 
aO     4 

ao  n 


7  6 

34      3 

8  H 


D 
10821 
Ft,   in, 
(25     0 

*i    '6 
oO     3 


S3 

8 


1 


£ 

12541 

Ft.  in 


•  4 
a3 

•  7 
10 

9 


0 
0 
0 


1  t 


a  Not  included  in  sample. 

Section  A  (sample  10818)  was  measured  at  the  face  of  room  9,  off  west  entry  5  off 
the  main  entry. 

Section  B  (sample  10819)  was  measured  at  the  face  of  the  main  air  couise  which 
is  also  a  manway. 

Section  G  (sample  10820)  was  measured  at  the  face  of  room  3,  off  west  entry  7. 

Section  D  (sample  10821)  was  measured  at  the  face  of  room  6,  off  east  entry  5 
off  the  main  entry. 

Section  E  (sample  12641)  was  measured  in  the  east  entry,  2^100  feet  from  tiie  mine 
mouth. 

The  bed  was  also  measured  and  sampled  at  seven  points  by  0.  U.  Biadley  on  Janu- 
ary 23  to  25,  1913,  as  described  below: 

Sections  of  coal  bed  in  Kooi  mine. 


Section 

Laboratory  No 

Koof,  4  to  6  feet  of  ooaL 

Clean  coal 

Bony  coal 

Clean  coal 

Floor,  underclay. 

Tnickneas  of  coal  mined 

Thjcknees  of  ooal  sampled . . 


A 

B 

c 

D 

E 

F 

16060 

16061 

10062 

10063 

16054 

1606S 

Ft.    in. 

Ft,    in. 

Ft,    in. 

FL    in. 

FL    in. 

FL    in. 

6    10 

9     0 

6     9 

6     0 

7     6 

8     4 

aO      4 

■  •         •  • 

oO     3 

•0     5 

aO     6 

•  •         •  • 

1      1 

■  *         *  ■ 

1     2 

1     0 

1     0 

8      3 

0     0 

8     2 

8     2 

9     0 

8     4 

7    11 

0     0 

7    11 

7     0 

8     6 

8     4 

1 

o 

16006 
FUm, 

7  1 
•  0     8 

1      1 

8  10 
8     2 


•  Not  included  in  sample. 


Section  A  (sample  16060)  was  measured  at  the  face  of  room  20,  off  the  fifth  east  entry, 
first  panel. 

Section  B  (sample  16061 )  was  measured  at  the  face  of  room  9,  off  the  fifth  east  entry, 
fourth  panel. 

Section  G  (sample  16062)  was  measured  at  the  face  of  the  fifth  east  entry,  1,900  feet 
from  the  main  slope. 

Section  D  (sample  16063)  was  measured  at  the  last  crosscut,  eleventh  east  entry, 
165  feet  from  main  slope. 

Section  £  (sample  16064)  was  measured  at  the  face  of  room  4,  off  tenth  east  entry, 
fourth  panel,  room  just  turned. 

Section  F  (sample  16065)  was  measured  at  the  face  of  room  7,  off  tenth  east  entry, 
second  panel. 
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Section  G  (sample  16066)  was  measured  at  the  face  of  the  twelfth  west  entry,  185 
feet  from  main  slope. 

A  composite  sample  was  made  by  mixing  the  face  samples  16060  to  16066,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
16067. 

Notes. — ^The  Kooi  mine  is  opened  by  a  slope  3,5^  feet  above  sea  level  and  is  worked 
by  the  room-and-piUar  panel  system.  At  the  time  of  sampling  the  coal  was  undercut 
by  puncher  and  electric  chain  breast  machines  and  broken  down  with  black  blasting 
powder.  The  machine  cuttings  were  loaded  with  the  coal.  The  screening  plant  con- 
sisted of  shaking  screens  6  by  8  feet  with  6-inch  openings,  6  by  9  feet  with  2i-inch  open« 
ings,  6  by  7  feet  with  IJ-inch  openings,  and  6  by  7  feet  with  f-inch  openings.  Thirty 
per  cent  of  the  coal  passed  over  the  6-inch  screen.  The  lumps  on  the  car  were  large 
and  had  a  good  appearance.  There  were  five  loading  tracks  with  a  capacity  of  60 
empty  cars  and  60  loaded  can.  Twenty-seven  per  cent  of  the  coal  was  shipped  in 
run-of-mine  form.  Estimated  probable  life  of  the  mine,  15  to  20  years.  The  esti- 
mated average  output  at  time  of  sampling  was  1,000  tons  a  day;  maTrimum  day's  run 
1,600  tons. 

MONABCH.     MONABCH  MiNES. 

iSomp^.^Subbituminous  coal;  Sheridan  field;  analyses  Nos.  12005,  12006,  12008, 
12685,  15830,  15831,  15832,  15833,  15834,  15835,  35836,  and  15837  (p.  143). 

MvM9. — Monarch  and  New  Monarch,  drift  mines.  The  Monarch  is  at  Monarch  and 
the  New  Monarch  is  in  the  SE.  \  sec.  24,  T.  57  N.,  R.  85  W.,  west  of  Monarch,  with 
railroad  connections  to  the  main  line  of  the  Chicago,  Burlington  &  Quincy  Railroad. 

Coal  bed. — ^Monarch.  Tertiary  age.  Fort  Union  formation.  Average  thickness,  30 
feet,  about  10  feet  of  which  is  mined,  The  bed  dips  slightly  to  the  southeast.  The 
upx>er  part  of  the  bed  consists  of  coal  mixed  with  bands  dt  shale  which  are  nonpersist- 
ent;  ndning  is  confined  to  the  lower  part.  Floor,  dark-gray  underclay  which  becomes 
very  soft  and  swells  when  wet.  The  Carney  bed  is  90  feet  below  the  Monarch.  The 
cover  at  the  points  where  samples  were  taken  ranges  from  40  to  300  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  old  mine  by  H.  M.  Wolflin, 
on  March  29, 1911;  and  at  one  point  in  the  new  mine  by  O.  B.  Hopkins,  on  October 
4,  1911. 

SeetwM  of  coal  bed  in  Mofnarch  mines. 


SoCtiOD.... ................... 

Laboratory  No 

Roof,  abate. 

Goal 

Sbale 

Coal 

Clean  brkht  coal 

Doll  hard  ooal 

Clean  bright  ooal 

Flow.  Toiderclay. 

ThickxiflaB  of  ooal  aampled 


A 

12006 
FL  in. 


7    10 


7    10 


B  , 

laooo 

FL    in. 


6 
0 
2 


4 
0 
1 


8     2 


C 

12006 

Ft.    <fi. 


8     2 


8     2 


D 
12686 
Ft.    in. 
a%     0 
a3      0 
a6      0 
10     0 


10    0 


a  Not  tooluded  tn  aample. 

Section  A  (sample  12005)  was  measured  on  the  pillar  of  butt  entry  3,  off  west  entry  9, 
near  room  70. 

Section  B  (sample  12006)  was  measured  at  the  face  of  room  70,  near  west  entry  7. 

Section  C  (sample  12008)  was  measured  on  a  pillar  in  west  entry  9,  near  room  70. 

Section  D  (sample  12685)  was  measured  800  feet  southwest  of  the  mine  mouth. 

The  bed  was  also  measured  and  sampled  at  seven  points  in  the  new  mine  by 
0.  TJ.  Bradley  on  January  11  to  17,  1913,  as  described  below: 

Section  A  (sample  15830)  was  measured  at  the  face  of  east  entry  6,  250  feet  from 
main  haulage  slope.    The  sample  represented  a  9-foot  2-inch  cut  of  clean  coal. 

Section  B  (sample  15831)  was  measured  at  the  face  of  west  entry  8. 
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Section  G  (aample  16832)  was  measured  at  the  face  of  west  entry  13,  off  old  slope. 
The  sample  represented  an  3-foot  ll-inch  cut  of  clean  coal. 

Section  D  (sample  16833)  was  measured  in  west  entry  4,  opposite  butts  5  and  6, 800 
feet  from  haulage  way.    The  sample  represented  a  10-foot  1-inch  cut  of  dean  coal. 

Section  E  (sample  15834)  was  measured  at  the  face  of  room  8,  off  butt  entry  4,  off 
west  &iixy  4.    The  sample  represented  a  10-foot  4-inch  cut  of  clean  ooal. 

Section  F  (sample  15836)  was  measured  on  a  pillar  between  rooms  24  and  25,  off  west 
entry  12.    The  sample  represented  a  9-foot  cut  of  clean  coal. 

Section  G  (sample  15836)  was  measured  on  a  pillar  between  rooms  5  and  6,  off  butt 
entry  2,  off  west  entry  3.    The  sample  represented  a  9-foot  9-inch  cut  of  clean  ooal. 

A  composite  sample  was  made  by  mixing  samples  15830  to  15836,  inclusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  15837. 

Notes,— The  Monarch  mine  is  opened  by  a  drift  and  the  coal  ismined  by  the  double- 
entry  room-and-piUar  panel  system.  At  the  time  of  sampling  the  coal  was  undercut 
by  electric  chain  coal-cutting  machines  and  broken  down  with  FF  black  powder. 
Machine  cuttings  were  loaded  out  with  the  coal.  No  impurities  mixed  with  the  coal 
in  loading.  About  one-third  of  the  coal  was  shipped  as  run-of-mine  and  about  68 
per  cent  of  the  remainder  passed  through  the  screens.  The  tipple  was  equipped  with 
bar  screens,  one  12  feet  long  with  5-inch  openings,  one  12  feet  long  with  4-inch  open- 
ings, and  shaker  screens,  one  12  by  6  feet  with  2^  and  1^  inch  openings,  and  one  12 
feet  long  with  1-inch  openings.  No  pickers  were  employed  on  the  cars.  The  mine 
had  a  storage  bin  with  a  capacity  of  280  tons.  The  lumps  and  slack  appeared  fairly 
good  on  the  cars.  Eight  loading  tracks  were  available  with  a  capacity  of  100  empty 
8nd  100  loaded  cars.  Fifty  per  cent  of  the  coal  mined  was  from  advance  worldngi. 
The  mine  had  approximately  300  acres  unmined.    Average  daily  ouput,  1,600  tons. 

New  Acme.    New  Acme  Mine. 

Sample. — Subbituminous  coal;  Sheridan  fiekl;  analyses  Noe.  16055,  16056,  16067, 
16058,  and  16059  (p.  143). 

Jfine.— New  Acme,  a  drift  mine  in  sec.  22,  T.  57  N.,  K.  84  W.,  at  New  Acme,  on  a 
spur  of  the  Ghicago,  Burlington  A  Quincy  Railway,  three-fourths  of  a  mile  from  the 
main  line. 

Coal  bed. — Known  as  the  Monarch.  Tertiary  (Eocene)  age.  Fort  Union  formation. 
The  thickness  of  the  coal  bed  ranges  from  16  to  30  feet,  of  whidi  6^  to  10  feet  is  mined. 
Goal  was  left  for  roof  as  the  overlying  strata  was  weak.  Many  fires  originated  in  the 
roof  coal,  particularly  when  the  pillars  were  being  pulled.  The  floor  was  coal  in  all 
places  examined  or  sampled.  The  floor  of  the  Monarch  seam  as  exposed  elsewhere 
is  composed  chiefly  of  dark  carbonaceous  shale  and  squeezes  and  swells  when  wet. 

There  is  about  50  to  100  feet  of  cover  at  the  points  where  the  samples  were  col- 
lected. 

The  coal  bed  was  measured  and  sampled  at  four  points  in  the  mine  on  January  20 
and  21, 1913,  by  O.  U.  Bradley,  as  described  below: 

Section  A  (sample  16055)  was  measured  at  the  face  of  west  entry  7,  150  feet  from 
the  main  slope.    The  sample  represented  a  6-foot  8-inch  cut  of  clean  coal. 

Section  B  (sample  16056)  was  measured  at  the  &ce  of  room  4,  off  east  enlzy  5. 
The  sample  represented  a  7-f6ot  2-inch  cut  of  clean  coal. 

Section  G  (sample  16057)  was  measured  at  the  face  of  room  13,  off  east  entry  3. 
The  sample  represented  a  7-fbot  7-inch  cut  of  clean  coal. 

Section  D  (sample  16058)  was  measured  at  the  &ce  of  room  11,  off  east  entry  2. 
The  sample  represented  a  6-fbot  9-inch  cut  of  clean  coal. 

A  composite  sample  was  made  by  mixing  samples  16056  to  16058,  inclusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  16059. 

Notes. — The  New  Acme  mine  is  opened  by  a  drift.  The  coal  was  mined  by  the 
rc^om-and-piUar  and  later  by  the  panel  system.    At  the  time  of  sampling  the  coal 
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was  undercut  by  electric  breast  machinee  and  broken  down  with  black  powder. 
About  35  per  cent  of  the  coal  was  shipped  as  run-of-mine,  70  per  cent  of  the  coal 
going  to  the  screen  passed  through.  The  screening  equipment  consisted  of  bars  4  by 
8  feet  with  5-inch  openings;  shaker  screens  8  by  12  feet,  the  diameter  of  holes  being 
^ii  ^ii  ^9  &^<i  0  inches;  and  revolving  screens  24  feet  long  divided  into  sections  as 
follows:  8  feet  with  ^inch  holes,  8  feet  with  1-inch  holes,  4  feet  with  2}-inch  holes,  and 
4  feet  with  3}-inch  holes.  No  pickers  were  employed  on  the  cars.  The  mine  had  a 
storage  bin  of  500  tons  capacity.  The  lump  coal  on  the  cans  api>eared  dull;  the  lumps 
were  small.  The  mine  had  three  loading  tracks  with  a  capacity  for  86  empty  cars  and 
86  loaded  cars.  A  runaround  for  switching  pennitted  loading  while  cars  were  being 
shifted  or  loads  taken  out.  As  the  tipple  was  rather  high,  there  was  more  or  less 
breakage  in  the  handling  of  the  coal.  There  was  approximately  1,000  acres  to  be 
mined.  The  daily  output  averaged  about  1,000  tons,  with  a  maTJmum  day's  run 
of  1,420  tons.    The  estimated  life  of  the  mine  was  50  years. 

8WEBTWATBB  COUNTY. 

GUNN.      "B"  MiNB. 

Sample. — Subbituminous  coal;  Rock  Springs  field;  analyses  Nos.  11507,  11508, 
11509,  and  11510  (p.  144). 

iftn^.— <junn-Quealy  "B,''  a  slope  mine  in  sec.  8,  T.  19  N.,  R.  104  W.,  at  Qunn,  4 
miles  from  Baxter,  on  a  branch  line  from  the  Union  Pacific  Railroad. 

Coal  bed. — Locally  known  as  No.  11.  Cretaceous  age,  Mesaverde  formation.  Aver- 
age thickness,  6  feet  1  inch;  dip,  7^''  8.,  80^^  W.;  cleat  S.  70^  £.  Roof,  shale,  about 
16  feet  thick;  flo(v,  shaly  sandstone;  cover,  at  points  where  samples  were  taken,  360  to 
360  feet  thick. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  S.  S.  Smith  on 
December  22,  1910,  as  described  below: 

Section  A  (sample  11507)  was  measiu*ed  at  the  face  of  room  15,  off  entry  5.  The 
sam]^  represented  a  6-foot  2-inch  cut. 

Section  B  (sample  11508)  was  measured  at  the  face  of  room  25,  off  entry  4.  The 
sample  represented  a  6-foot  1-inch  cut. 

Section  G  (sample  11509)  was  measured  at  the  face  of  room  8,  off  entry  8.  The 
sample  represented  a  6-foot  2-inch  cut. 

Notes. — ^The  room-and-pillar  system  of  mining  was  employed.  At  the  time  of  sam- 
pling the  coal  was  undercut  with  electric  chain  cutters.  Black  powder  was  used 
for  breaking  down  the  coal  and  d3mamite  for  brushing  the  roof.  About  30  per  cent 
of  the  coal  was  shipped  as  nin-of-mine;  the  remainder  was  sized  by  shaking  and 
revolving  screens.  No  hand  picking  was  done.  There  were  four  loading  tracks  with 
capacity  for  100  cars. 

The  daily  production  was  1,000  tons,  80  per  cent  being  obtained  from  advance 
work.    About  375  acres  of  unmined  coal  was  tributary  to  this  slope. 

SuFEBioB.    B  Mine. 

Sample. — ^Bituminous  coal;  Rock  Springs  field;  analyses  Nos.  11461,  11462,  11463, 
and  11464  (p.  144). 

Mine.—Bj  a  drift  mine  in  sec.  29,  T.  21 N.,  R.  102  W.,  2  miles  northeast  of  Superior, 
on  a  branch  of  the  Union  Pacific  Railroad  from  Thayer  Junction  and  only  a  few  miles 
north  of  the  main  line. 

Coal  bed. — ^No.  1.  Cretaceous  age,  Mesaverde  formation.  Locally  known  as  No.  7 
of  the  Laramie.  Average  thickness,  6  feet  6  inches;  dip,  4^°  NE.  The  roof  is  a 
smooth  black  shale  15  feet  thick  with  a  sandstone  cap  rock;  the  floor  is  a  hard  smooth 
shale;  the  covering  at  the  point  of  sampling  is  400  feet. 
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The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  8.  S.  Smith  on 
December  14,  1910,  as  described  below: 

Sections  of  coal  bed  in  the  B  miiu. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

Rock  partiiig 

Coal..:. 

Floor,  shale. 

Tnlckiuss  of  bed 

ThloknesB  of  coal  sampled 


A 

B 

c 

11461 

U4«a 

11463 

Ft.   In. 

Ft,  in. 

Ft,   in. 

*  a             •  • 

1    1 

1    6 

7      2 

U 

S4 

7      3 
7      2 

?ll 

7    8} 

D 
U464 
Ft.  in. 


6    31 


Section  A  (sample  11461)  was  measured  at  the  iace  of  room  27,  off  the  inside  dip 
entry. 

Section  B  (sample  11462)  was  measured  at  the  face  of  south  entry  2. 

Section  0  (sample  11463)  was  measured  at  the  face  of  room  20,  off  south  entry  3. 

Section  D  (sample  11464)  was  measured  at  the  face  of  room  11,  off  nKstih  entry  3. 

Notes. — The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling 
the  coal  was  undercut  with  electric  chain  cutters;  black  powder  and  a  pennismble 
explosive  was  used  for  breaking  down  the  coal;  75  per  cent  of  the  coal  produced  was 
from  advance  workings;  daily  output  1,200  tons;  unmined  area  tributary  to  this  open- 
ing, 250  acres. 

SXTPBBIOB.      SUPBRIOR  0  MiNB. 

i9amp2«.— Subbituminous  coal;  Rock  Springs  field;  analyses  Noe.  11456,  11457 
11458,  and  11459  (pp.  144,  145). 

UiM. — G,  a  slope  mine  in  sec.  21,  T.  21 N.,  R.  102  W.,  at  Superior,  on  a  branch  line 
of  the  Union  Ftwofic  Railroad  from  Thayer  Junction. 

Coal  bed. — ^Unnamed.  Cretaceous  age,  Mesaverde  fonnation,  known  locally  as  No.  1 
of  the  Laramie.  Average  thickness,  8  feet  6  inches;  dip  4^**  N£.  The  deat  is  well 
defined  and  extends  east  and  west.  Roof,  black  shale  4  to  8  feet  thick,  above  which  is  a 
heavy  capping  of  sandstone;  floor,  hard,  smooth  shale.  Tlie  cover  at  paints  where 
samples  were  taken  is  about  250  feet. 

The  bed  was  measured  and  sampled  at  four  points  by  S.  S.  Smith  on  December  14, 
1910,  as  described  below: 


Sections  of  coal  bed  in  the  Superior  C  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

Rock 

Coal 

Floor,  shale. 

Tlilckiiess  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

11466 

11457 

U468 

Ft.   in. 

Ft   in. 

J^    in. 

1    10 

2     8 

•  •        •• 

•0    u 

aO      1} 

•  •        •  • 

6     8 

6     8 

6     7 

8     7i 

8      7} 

6     7 

8     6 

8     6 

6     7 

D 
114S9 
FL  in. 

2     3 
•0      li 

6     3 

8     6* 
8     5 


a  Not  included  in  sample. 

Section  A  (sample  11456)  was  measured  at  the  face  of  room  15,  off  south  entry  6. 

Section  B  (sample  11457)  was  measured  at  the  face  of  room  25,  off  south  entry  5. 

Section  G  (sample  11458)  was  measured  at  the  face  of  room  1,  off  north  entry  7. 

Section  D  (sample  11459)  was  measured  at  the  face  of  room  38,  off  south  entry  4. 

Notes. — ^The  mine  is  oi)ened  by  a  slope  in  the  coal  bed  and  is  worked  by  the  room- 
and-pillar  system.  At  the  time  of  sampling  90  per  cent  of  the  coal  produced  was 
from  advance  work;  black  powder  and  a  i)ermissible  explosive  were  used  for  break- 
ing the  coal  after  undercutting  by  electric  machines.  Daily  production  of  mine, 
1,300  to  1,400  tons;  unmined  area  tributary  to  this  opening,  1,200  acres. 


WYOMING:  UINTA  COUNTY.  413 

tJZNTA  COX7NTY. 
Elkol.    Elkol  Mine. 

Sample. — ^Bituminoiis  coal;  Kemmerer  field;  analyses  Nos.  11730  and  11731  (p.  145). 

Jfin*.— Elkol,  a  slope  mine  in  sec.  11,  T.  20  N.,  R.  117  W.,  near  Elkol,  8  miles  south- 
west of  Diamondville  on  the  Oregon  Short  line  Kaibroad. 

Coal  bed. — Locally  known  as  No.  1.  Cretaceous  age,  Frontier  formation.  The  coal 
bed  is  51  feet  thick  and  at  the  points  where  the  samples  were  taken  is  1,600  feet  below 
the  surface.  The  coal  bed  was  sampled  at  2  points  in  the  mine  by  S.  S.  Smith  on 
February  9, 1911,  as  described  below: 

Sections  of  coal  bed  in  Elkol  mine. 


Bection 

Laboratory  No 

Roof,  not  stated. 

Coal 

Coal,  soft  and  black 

CoaL 

Flow,  not  stated. 

Tuickiiess  of  bed 

Thickness  of  coal  sampled 


A 

B 

11730 

11731 

Ft.    in. 

Ft.    in. 

027     6 

a27     6 

8     6 

8     6 

<>15     0 

al£     0 

51     0 

61     0 

8     6 

8     6 

o  Not  included  in  sample. 

Section  A  (sample  11730)  was  measured  at  the  face  of  north  entry  3,  1,900  feet 
from  the  slope  mouth. 

Section  B  (sample  11731)  was  measured  at  the  face  of  room  1,  o£E  north  entry  3. 

Note*. — ^The  State  mine  inspector's  report  for  the  fiscal  year  ended  September  30, 
1910,  gives  the  total  production  for  that  year  as  50,000  tons,  which  was  shipiied  to 
points  in  Utah,  Idaho,  Oregon,  Washington,  and  California. 

Fronhbr.    EIbmmbrbb  No.  1  Mine. 

Sample. — ^Bituminous  coal;  Kemmerer  field;  analyses  Nos.  11565,  11566,  11567, 
and  11568  (p.  145). 

Mine. — ^No.  1,  a  slope  mine  in  sec.  12,  T.  21  N.,  R.  116  W.,  at  Frontier,  on  a  branch 
of  the  Oregon  Short  Line  Railroad. 

Coal  bed. — Cretaceous  age,  Frontier  formation.  Locally  known  as  No.  1  of  the 
Laramie.  Average  thickness,  7  feet;  dip,  13^  west;  well-defined  cleat.  Roof,  draw 
slate,  3  feet  6  inches  thick,  which  stands  fairly  well,  overlain  by  shaly  sandstone;  floor, 
hard,  smooth  fire  clay.  Cover  at  points  where  samples  were  taken  varies  from  175  to 
400  feet. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  S.  S.  Smith  on 
January  11,  1911,  as  described  below: 

Sections  of  coal  bed  in  the  Kemmerer  No.  1  mins. 


Section „_..,,_„  ^  ,,„  ^ , , 

A 

11505 
Ft.    in. 

8    7 
•  0     i 

4    9 

8    4i 

8    4 

B 

11566 
Ft,  in. 

4    9 
aO    4 

3    4 

8    5 
8    1 

C 

11567 

Ft.    in. 

I     6 

aO      6 

8    10 

5    10 
5      4 

D 

Laboratory  No 

11568 

Roof,  shale. 

CoaKbard) 

Fl.   in. 

1      6 

Soft  rock  partlnKa  

aO    10 

Coal  (soft) 

3     8 

Floor,  fire  clay. 

Thickness  of  bed ,  -    -  - 

6     0 

Thlc^ffrff  of  ooal  8aniT>led 

5     2 

a  Not  included  in  sample. 
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Section  A  (sample  11665)  was  measured  at  the  face  of  room  16,  off  south  entry  13, 
and  400  feet  below  the  surface. 

Section  B  (sample  11566)  was  measured  on  the  pillar  of  room  18,  off  north  entry  10, 
and  240  feet  below  the  surface. 

Section  G  (sample  11567)  was  measured  at  the  face  of  room  3,  off  north  entry  7,  and 
175  feet  below  the  surface. 

Section  D  (sample  11568)  was  measured  on  the  pillar  of  room  62,  off  south  entry  7, 
and  200  feet  below  the  sur^ice. 

Notes. — ^The  mine  is  worked  by  the  room-and-pillar  system.  At  the  time  of  sam- 
pling the  coal  was  shot  from  the  solid  with  FFF  black  powder.  The  coal  was  shipped 
as  run-of-mine;  the  lumps  were  large  and  bright,  but  ihe  slack  wais  dull.  Pick^s 
sorted  out  inferior  coal  and  shale  as  the  coal  was  loaded  on  the  car.  There  were  5 
loading  tracks  with  capacity  for  150  cars.    The  daily  production  was  600  tons. 

For  analyses  and  descriptions  of  oth^  samples  of  coal  from  this  mine  see  Bull.  22, 
p.  1150. 

Kemmbrer.    Prospect. 

Sample. — Subbituminous  coal;  Kemmerer  field,  analysis  No.  11740  (p.  145). 

Mine.— A  prospect  in  sec.  33,  T.  22  N.,  R.  116  W.,  2i  miles  north  of  the  Oregon  Short 
Line  Railroad  and  1)  miles  west  of  Kemmer^. 

Coal  bed. — Cretaceous  age.  Frontier  formation.  Thickness,  16  feet;  roof,  sandstone; 
floor,  fire  clay. 

The  bed  was  sampled  by  S.  S.  Smith  on  February  12, 1911,  at  the  face  of  the  first 
entry,  200  feet  from  the  mouth  of  the  slope.  The  vertical  depth  at  which  the  sample 
was  taken  was  150  feet. 

Susie.    Ebiocbrsb  No.  4  Mnns. 

Sample, — ^Bituminous  noncoking  coal;  analyses  Nos.  13517, 13518,  and  13619  (p.  145). 

Mine, — Kemmerer  No.  4,  a  slope  mine  at  Susie,  4  miles  north  of  Kemmerer,  on  aspor 
of  the  Oregon  Short  Line  Raihx>ad,  sees.  25  and  26,  T.  22  N.,  R.  116  W. 

Coal  bed, — Kemmerer  No.  1.  Cretaceous  age,  Frontier  formation.  Average  thick- 
ness, 3  feet  7  inches  to  5  feet  6  inches;  dip  19^  W. ;  no  faults  but  a  few  rolls  and  horae- 
backs ;  cleat  runs  north  and  south.  Roof,  shale;  in  places  there  is  as  much  as  3  feet  of 
"draw  slate,''  which  comes  down  with  the  coal.  The  floor  consists  of  a  hard  roug^ 
shale.  Particles  of  the  roof  and  floor  did  not  get  mixed  with  the  coal  in  loading.  The 
thickness  of  the  cover  at  the  points  where  the  samples  were  taken  varies  boia  700 
to  750  feet. 

The  coal  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts 
on  January  23,  1912,  as  described  below: 

Sections  of  coal  bed  in  Kemmerer  No.  4  mine. 

Section 

Laboratory  No 

Roof,  shale. 

Coal 

Clav  parting 

Floor,  sbale. 

Ttilckness  of  bed 

Thickness  of  sampled 

Section  A  (sample  13517)  was  measured  1,000  feet  from  mouth  of  slope. 

Section  6  (sample  13518)  was  measured  at  the  face  of  the  second  north  entry,  1,300 
feet  from  mouth  of  slope. 

A  composite  sample  was  made  by  mixing  samples  13517  and  13518.  The  lesalts  of 
an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  13519. 
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Notes. — ^The  No.  4  mine  was  opened  by  a  slope  and  the  coal  was  mined  by  the  room- 
and-pilkr  system .  The  coal  was  shot  off  the  solid  with  black  powdei .  Dynamite  was 
used  in  brushing  the  floor  and  roof.  The  screening  equipment  consisted  of  shaking 
screens  32  feet  long  and  6  feet  wide — 16  feet  with  3-inch  openings  and  16  feet  with 
i-inch  openings.  No  pickers  were  employed  on  the  cars.  There  were  five  loading 
tracks  with  a  capacity  of  30  empty  cars  and  20  loaded  can.  The  average  dafly  out- 
put was  600  tons  a  day  with  a  maximum  day's  run  of  700  tons;  all  of  the  coal  was 
shipped  as  run-of-mine.  About  75  per  cent  of  the  coal  was  taken  from  advance 
workings. 

WESTOK  OOTTNTY. 

Cambria.    Antelope  No.  3  and  No.  4  Mines. 

Sample. — Subbituminous  to  cannel  coal;  Black  Hills  region  (Wyoming  No.  2) 
analyses  Noe.  16412, 16413, 16414, 16415, 16428, 16429, 16430,  and  16431  (p.  146). 

Mine. — ^Antelope  No.  3  and  No.  4,  drift  mines  at  Cambria,  in  sees.  19  and  20,  T.  46  N ., 
R.  61 W.,  at  end  of  the  spur  of  the  Chicago,  Burlington  &  Quincy  Railroad,  6}  miles 
from  Newcastle. 

Coal  &etf.— Not  named,  probably  a  local  bed.  Cretaceous  age,  Lakota  fonnation. 
Average  thickness,  5  feet,  varying  from  2  feet  6  inches  to  8  feet.  Many  mud  and  sand 
pockets  occur  in  parts  of  the  mine.  Sandstone,  shale,  and  bony  coal  partings  appear 
in  the  coal  at  varying  intervals.  The  coal  itself  varies  greatly  in  character  from 
subbituminous  to  cannel  coal .  The  coal  bed  is  uneven ;  one  room  may  be  going  to  the 
dip  and  a  parallel  room  going  to  the  rise.  Roof,  a  black  sandy  shale  over  which  is  1  to 
2  feet  of  granular  sandstone  which  gives  considerable  trouble  if  not  closely  watched. 
Floor  is  rough  and  uneven;  small  metallic  concretions  and  laige  hard  nodules  called 
'  'nigger  heads  "  are  common.  It  is  for  the  most  part  hard  black  shale  and  sandstone. 
Particles  of  the  roof  and  bottom  did  not  mix  with  the  coal  in  loading.  The  thickness 
of  the  cover  at  the  points  where  the  samples  were  taken  varies  from  25  feet  to  225  feet. 

The  coal  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  O.  U.  Bradley 
on  February  11  and  12, 1913,  as  described  below: 

Sections  of  coal  bed  in  the  Antelope  No.  S  and  No.  4  inmes. 


Section. 

Laboratory  No 

Roof,  shale. 

deal 

Rock  or  spUnt. 

Coal 

Rock 

Coal 

Floor,  black  shale  and  sandstone. 

Tliicknessofbed 

Thickness  of  ooal  sampled. . . . 


A 

B 

C 

D 

E 

15412 

16413 

16414 

16428 

16429 

Ft.in. 

Ft.bi. 

Ft.  in. 

Ft.  in. 

Ft.in. 

•  •      a  ■ 

3  2 

2  3 

•  •    •  • 

1  0 

•  •      mm 

aO  8 

al   9 

•  «    «  > 

aO  6 

0   8 

0  11 

1   4 

«  •       *    m 

1   0 

al   0 

aO   2 

al   0 

•  •     mm 

aO   3 

2   3 

1   2 

2   7 

63  9 

4   6 

3  11 

6   1 

8  11 

3  9 

7  8 

2  11 

6  8 

6   2 

8  9 

6  6 

F 
16490 
Ft.^. 
2      1 
aO     6 


4    10 

7     6 
6    11 


a  Not  indoded  in  sample. 

6  Contains  two  streaks  of  bony  coal }  to  |  inch  thick,  which  is  loaded  with  the  ooal. 

Section  A  (sample  16412)  was  measured  at  the  face  of  east  entry  1,  No.  4  mine. 

Section  B  (sample  16413)  was  measured  at  the  face  of  north  entry  1,  off  east  entry 
ly  No.  4  mine. 

Section  0  (sample  16414)  was  measured  at  the  face  of  room  29,  off  east  entry  3, 
No.  4  mine. 

A  composite  sample  was  made  by  mixing  samples  16412,  16413,  and  16414.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  16415. 

Section  D  (sample  16428)  was  measured  at  the  face  of  room  35,  off  east  entry  5, 
No.  3  mine. 

Section  E  (sample  16429)  was  measured  at  the  face  of  west  entry  8,  No.  3  mine. 

Section  F  (sample  16430)  was  measured  at  the  face  of  west  entry  7,  No.  3  mine. 
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A  composite  sample  was  made  by  mixing  samples  16428, 16429,  and  16430.  The 
results  of  an  ultimate  analysis  of  the  sample  aro  given  under  labomtcry  No.  16431. 

Notes, — ^The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sam- 
pling the  coal  was  undercut  by  compressed-air  punching  machines  and  broken  down 
with  black  blasting  powder.  Dynamite  was  used  for  brushing  the  floor  and  roof. 
The  machine  cuttings  were  loaded  with  the  coal.  The  entire  output  of  the  mines 
was  run  through  a  rock  crusher  to  fecilitate  picking.  It  was  then  sized  and  resized 
and  loaded  into  cars.  The  Chicago,  Burlington  &  Quincy  Bailroad  bought  the  entire 
output  for  steaming  purposes.  The  coal  bums  well,  especially  under  forced  draft, 
and  is  particularly  suited  to  railroad  work. 

MooBGBOTT.    Local  Mine. 

Sample. — Subbituminous  coal;  Upper  Belle  Fourche  Biver  field;  analyms  No.  12446 
(p.  146). 

Mine. — ^Local  drift  mine,  12  miles  south  of  Moorcroft  and  of  the  Chicago,  Burlington 
&  Qiiincy  Bailioad. 

Coal  bed. — ^Not  named,  a  local  bed. 

The  bed  was  measured  and  sampled  by  A.  W.  Stickney  on  July  17, 1911,  as  described 

below: 

Section  of  coal  bed  in  local  mine,  about  12  miles  soiUh  of  Mooreroft. 


LaboratorvNo.. 

Roof,  sandy  shals. 

Bone 

Coal 

Floor,  carbonaoeoiu  shale. 

Tbickness  of  bed 

Thickness  of  ooal  sampled . 


19140 
^L  fa. 
aO     1 
2    U 

%     0 

a  u 


a  Not  included  In  sample. 
'  The  sample  was  taken  from  the  face  of  the  entry,  100  feet  from  the  entrance. 

MooBOBOTT.    Prospect. 

Sample. — Subbituminous  coal;  Upper  Belle  Fourche  River  field;  analyds  No.  12S92 
(p.  146). 

Loco^ton.— Prospect  opened  by  sampler  about  12  miles  southwest  of  Mooreroft  and 
of  the  Burlington  Baihoad,  in  the  SB.  i  sec.  29,  T.  48  N.,  B.  68  W. 

Coal  bed. — Local  lense  in  Lance  formation.  Tertiary  or  Cretaceous  age.  Thickneas, 
2  feet  4  inches;  roof,  clay;  floor,  carbonaceous  shale. 

The  bed  was  measured  and  sampled  by  A.  W.  Stickney  on  June  27,  1911.  The 
sample  represented  a  2-foot  4-inch  cut  of  coal,  the  thickness  of  the  bed. 
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This  index  gives  the  nameB  of  places  at  or  near  which  the  samples  of  coal  mentioned 
in  this  bulletin  were  collected.  In  addition,  it  gives  the  names  of  many  coal  beds, 
including  names  of  geological  significance  as  well  as  some  that  are  merely  local,  and 
the  names  of  most  of  the  mines. 

Attention  is  called  to  the  fact  that  many  beds  opened  by  prospect  pits,  country 
banks,  or  even  mines,  especially  beds  in  the  Rocky  Mountain  province,  have  no 
names,  even  local  ones.  Moreover,  such  local  names  as  "A,"  "B,'*  "1,"  "2,*' 
''Upper,''  "Lower,''  have  been  omitted  in  the  case  of  beds  that  have  not  been  corre- 
lated with  other  beds  similarly  designated  in  the  same  State,  the  purpose  in  omitting 
such  names  being  to  reduce  the  length  of  the  index  and  to  avoid  the  confusion  that 
would  result  from  applying  the  same  designation  to  different  beds.  Mines  that  in  the 
text  have  no  other  title  than  a  number,  as  "Mine  No.  1,"  are  not  included,  for  the 
same  reasons. 
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Abernant,  Ala.,  coal  from  near,  analysis  of . . .       10 

description  of. 150,151 

Abemant  mine  (Ala.).   See  Abernant,  Ala. 
Acme,  Wyo.,  coal  from  near,  analysis  of 139 

description  of. 403,404,405 

Acme  Ko.  1  and  No.  2  mines  (Wyo.).   See 

Acme,  Wyo. 
Aoosta,  Pa.,  coal  from  near,  analysis  of 03, 94 

description  of 804,305 

Adamson,  Okla. ,  coal  from  near,  analysis  of. .       64 

description  of. 252,253 

Albuquerque,  N.  l£ex.,  coal  from  near,  analy- 

sisof 67 

description  of. 235 

Alderson,  Okla.,  coal  from  near,  analysis  of. .       65 

description  of 253,254 

Alderson  No.  5  and  No. 38  mines  (Okla.).  8u 

Alderson,  Okla. 
Algoma,  W.  Va. ,  coal  from  near,  analysis  of.  1 14, 1 15 

description  of 852,353 

Allen  bed,  Colo.,  coal  from,  analysis  of 25 

description  of. 168,160 

AlUsoin  prospect  (Mont.),  coal  from,  analy- 

sisof 55 

description  of. 220 

Allport  mine  ( Pa. ) ,  coal  from,  analysis  of 09 

description  of. 261-263 

Amor,  N.  Dak.,  coal  from  near,  analysis  of...       59 

description  of 242,243 

Amstefdam,  l£o. ,  coal  from  near,  analysis  of. .  42, 43 

description  of. 209 

Amsterdam,  Ohio,  coal  from  near,  analysis  of.      61 

desCTfption  of 246,247 

Amsterdam  mine  (Ohio).    8u  Amsterdam, 

Ohio. 
Andersen  bed,  Oreg.,  coal  from,  analysis  of. .  66,67 

description  of. 265,266,267 

sectionsof 266,267 

Anderson  mine  (Mo.),  coal  from,  analysis  of..      40 

description  of 218,210 


Angel  bed,  Tenn. ,  coal  from ,  analysis  of 101 

description  of 320 

Antelope,  Mont.,  coal  from  near,  analysis  of. .       55 

description  of 230 

Antelope  No.  3  mine  (Wyo.),  coal  from,  analy- 
sis of 146 

description  of 415,416 

Antelope  No.  4  mine  (Wyo.),  coal  from,  analy- 
sis of 146 

description  of. 415,416 

Anthracite  No.  4  mine  (N.Mex.),coal  from, 

analysisof. ^...       50 

description  of. 240 

Anthracite  Ridge,  Alaska,  coal  from,  analy- 
sis of 22 

description  of 156, 157 

Ashford,  Wash.,  coal  from  near,  analysis  of. .     108 

description  of 341 

Astrope  mine  (Mont. ) ,  coal  from,  analysis  of. .      56 

description  of 232 

Avella,  Pa.,  coal  from  near,  analysis  of 97 

description  of. 311,312 

Avoca,  N.  Dak.,  coal  from  near,  analysis  of. .      60 

description  of. 244 

Axial,  Ck>lo.,  coal  from  near,  analysis  of 33 

description  of 186,186 

B. 

B  bed,  Pa.,  coal  from,  analysis  of 60 

71, 72, 73, 74, 75, 76, 78, 70, 80, 81 ,  82,' 

83,  84,  85,  86,  87,  88,  89,  90, 91,  95 

description  of.  263, 266, 267, 268, 269, 270,271, 

272, 273, 276, 277, 278, 279, 280, 282, 283, 

284, 285, 286, 287, 288, 280, 290, 201, 202, 

203, 204, 205, 206, 297, 208, 209, 300, 307 

sections  o 263,266,267, 

268, 269, 270, 271, 273, 276, 278, 
279, 280, 282, 283, 284, 285, 286, 
287, 288, 289, 290, 291, 292, 294, 
205, 206, 297, 208, 299, 300, 307 
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BalnvlUe,  Mont. ,  ooal  from  near,  analysis  of. .       65 

description  of. 230,231 

Baird,  Pa.,  ooal  from  near,  analysis  of 97,96 

description  of. 313 

Banner  mine  (Ala.),  ooal  lh>m,  analysis  of. . . .       17 

description  of. 147 

Barnesboio,  Pa.,  ooal  llrom   near,  analysis 

of 60,70,71 

description  oL 261,262,263,204,985,266 

Barrett  Creek,  Alaska,  ooal  from  near,  analy- 

sisof 19 

description  of 161,152 

Battle  Era  mine  (Colo.)»  ooal  from,  analy- 
sis of 83 

descriptkmof 186 

Bear  Creek,  Mont.,  ooal  from  near,  analysis 

of 62,53 

description  of 222,223,224 

Beaverdale,  Pa.,  coal  from  near,  analysis  of. .       71 

description  of 206,267 

Becktoy  bed,  W.  Va.,  ooal  Itom,  analysis  of. .    127, 

128,120,130,131 

description  of 378, 

379,380,381,382,383,384,885,386 

sections  of 878,379,380,381,382,383,384,385 

Belgon  mine  (Mont.),  ooal  from,  analysis  of. .       66 

description  of 232,283 

Belle  Valley,  Ohk>,  ooal  from  near,  analysis  of.       63 

desoiptkmof 251 

BeUeville  N   bed,  HI.,  ooal  from,  analy- 

sisof 86,37 

descriptkmof 196,197,198 

sections  of 197.198 

See  No.  6  bed,  111. 
Belmont  No.  1  mine  (Pa.),  ooal  frxim,  analy- 
sis of 98,94 

descriptkmof 304,305 

Belshe  mine  ( Wyo.),  ooal  from,  analysis  of. . .     133 

description  of 390,391 

Bennett,  Colo.,  ooal  from  near,  analysis  of. . .       23 

description  of 163 

Bens  Creek,  Pa. ,  ooal  from  near,  analysis  of. .       72 

descriptkmof 207,268 

Bens  Creek  No.  1  mine  (Pa.),  ooal  from, 

analyslsof 72 

descriptkmof 267 

Bergholx,  Ohk>,  ooal  from  near,  analysis  of. . .       61 

descriptkmof 247 

Beriin,  Pa.,  ooal  ftom  near,  analysis  of. 94 

description  of 305 

Berwind  bed,  Colo.,  ooal  from,  analysis  of. . .  29,32 

descriptkmof 178,179,183,184 

sectk>ns  of 178, 183 

Bevier  bed,  Kans.,  ooal  from,  analysis  of. 38,39 

descriptkmof 202,203 

Bevier  bed.  Mo.,  ooal  from,  analysis  of 45,50 

descriptkmof. 207,211,212,219,220 

Bevier  mine  (Ky.),  ooal  fh>m,  analysis  of 40 

descriptkmof 205,206 

Big  bed,  Ala.,  ooal  from,  analysis  of 17 

descriptkmof 147 

sectkmsof 147 

Big  Bend  No.  1  mine  (Pa.),  ooal  from,  analy- 
sis of 82 

descriptkmof 282,: 


Big  Bend  No.  6  mine  (Pa.),  ooal  tnm,  analy- 
sis of I 

description  of 

Big  Four,  W.  Va.,  ooal  Ihmi  near,  analysb  of.     115 

descriptkmof 353.354 

Bighorn,  Mont.,  ooal  from  near,  analysis  of. .       55 

descriptkmof 228 

Big  Hom  mine  (Wyo.),  ooal  ttom,  analysis 

of 134,135,136 

descriptkmof 304,385 

Big  Sandy,  Mont.,  ooal  from  near,  analysis  of.       54 

descriptkmof 224,225 

Big  8tl^  mine  (W.  Va.),ooal  flram,analysis  of     127 

descr^tkmof 378,3tf9 

Black  Diamond  mine,  ooal  finom,  analysis 

of (Colo.)  35,  (Wyoj  130 

desor^tkm  of (Colo.)  192,  (Wyo.)  4Ca 

Blaokndk,  N.  Max.,  coal  lh>m  near,  analysb 

of 60 

descriptkmof 40 

Blacksmith  mine  (N.  Max.),  ooal  from,  analy- 
sis of 60 

descriptkmof 341 

Blair  mine  (Mont.),  ooal  finom,  analysis  oL . . .       55 

descsriptkmof 220,230 

Blossborg,  N.  Max.,  ooal  Ihmi  near,  analysis 

of 57 

description  of 29S 

Blue  Bell  mine  (Utah),  ooal  from,  analysis  of.     105 

deeoripttonof 330 

Bbe  Jay  No.  4  mine  (W.  Va.),  ooal  from, 

analyslsof 128 

descriptkmof 379,380 

Boardman,  Pa.,  ooal  from  near,  analjrsis  of. .  85,80 

description  of 

Bolen-Damall  No.  4  mine  (Okla.),  ooal  fkom, 
analyslsof 

description  of 

Boiling  mine  ( Va.),  ooal  (tom,  analysis  of . . .      107 

descriptfonof S3S 

Bowie,  Colo.,  ooal  frxmi  near,  analysis  of 24 

descr^tkmof 164,165 

Braxton,  W.  Va.,  ooal  fh>m  near,  analysis  ot     110 

descriptkmof 344 

Braxton    mine   (W.   Va.).    See   Braxton, 

W.Va. 
Brioevnie,  Tenn.,  ooal  firam  near,  analysis  of.     101 

descriptionof 310 

BrflUant,  Ohio,  ooal  fh>m  near,  analysis  of . . .      63 

descriptkmof 248 

Brisbin,  Pa.,  ooal  fhmi  near,  analjrsis  of 86 

descriptfon  of 280,290 

Broken  Arrow  bed,  Ala.,  ooal  fkom,  analysis  of      18 

descriptton  of 150 

sectkmof 150 

Brookfleld,  Mo.,  ooal  from  near,  analysis  of ..  48, 49 

descriptionof 217 

Brown  mine  (W.  Va.),  ooal  from,  analysis 

•     of 113 

descriptkmof 350,351 

Brown  No.  1  mine  (Mo.),  ooal  from,  analysis  of      61 

descriptkmof 221 

Brown  Bear  mine  (Idaho),  ooal  lh>m,  analysis 

of 86 

descriptkmof 196,196 
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Browning,  Hont.,  coal  from  near,  analjrsis  of.       55 

description  of 229 

Browning  mine  (Utah),  coal  from,  analsrsis  of.      104 

description  of 326 

Bruoeton,  Pa.,  coal  flrom  near,  analysis  of —       67 

description  of 257,258 

Bniegger  mine,  coal  {rom,anal7sis  of (Mont.)  56, 

(N.  Dak.)  60 

description  of. .  (Mont.)  231,  (N.  Dak.)  244 
Bnchannon  pro8pect'(  Wash.),  coal  fh>m,  anal- 
ysis of 107 

description  of 337 

Bncher  mine  (Pa.),  coal  from,  analysis  of —       86 

description  of 290,291 

Buffalo,  S.  Dak.,  coal  from  near,  analysis  of. .      100 

description  of 316,317 

Buflialo  mine  ( W.  Va.),  coal  fh>m,  analysis  of.      114 

description  of 351 

Bnfblo,  Wyo.,  coal  froqi  near,  analysis  of —      137 

description  of 897,396 

Bosby  No.  5  mine  (Okla.),  coal  fjrom,  analysis 

of 66,66 

description  of 254,255 

Bnttsrfield  mine  (Mont.),  ooal  fh>m,  analysis 

of 56 

description  of 281 

C. 

C  bed.  Pa.,  ooal  ftom,  analysis  of 75,77,87,88 

description  of 272,275,292,298 

sections  of 292,293 

Cbed,  Pa.,  coal  from,  analysis  of 77,79 

80,93,94,95,96,07 

description  of 275,277 

278,279,304,806,306,307,808,309,310,811 

awtiansof 272,275 

277,278,279,298,304,306,310,311 
Cabbage  Run  mine  (Ohio),  ooal  from,  analysis 

of 62 

description  of 249 

C^inesviUe,  Mo.,  coal  fh>m  near,  analysis  of. .       45 

description  of 212,213 

Gainesville  bed.  Mo.   See  Gainesville,  Mo. 
Gainesville  mine  (Mo.).   i9e«  Gainesville,  Mo. 

Calhan,  Colo.,  coal  firom  near,  analysis  of 24 

description  of 165 

Calhoun,  Mo.,  coal  from  near,  analysis  of 46 

description  of 213 

Cambria,  Wyo.,  coal  fh>m  near,  analysis  of. . .     146 

description  of 415,416 

Cambria  No.  3  mine  (Pa.),  coal  from,  analysis 

of 68,69 

description  of 260,261 

Cameron  mine  (Mont.),  coal  from,  analysis  of.       54 

description  of 225,226 

Cantine  No.  3  mine  (HI.),  ooal  from,  analysis 

of 36 

description  of 196,197 

Caperton,  W.  Va.,  coal  fJrom  near,  analysis  of.      Ill 

description  of 345,346 

Carbon  Hill  mine  (Va.),  ooal  from,  analysis  of.      106 

description  of 333,334 

Carbon  Mountain,  Alaska,  ooal  fh>m,  analysis 

of 19 

description  of 153 


Page. 
Carney  bed,  Wyo.,  ooal  trom,  analysis  of —    139, 

140,141,142 

description  of 408,404,405,406 

sections  of 403,404,406 

Carney  mines  (Wyo.),  ooal  from,  analysis  of  140, 141 

description  of 406,406 

(}ameyvllle,  Wyo.    See  Carney  mines. 
(Tarrolltown  Road,  Pa.,  coal  ftom  near,  analysis 

of 73 

description  of 268,209 

Carson  No.  1  mine  (Mo. ),  ooal  from,  analysis  of       50 

descriptioo  of 219 

Charter  bed,  Oreg.,  ooal  from,  analysis  of. 66 

description  of. 256 

section  of 256 

(3Bsper,  Wyo.,  coal  form  near,  analysis  of. . . .  137, 138 

description  of. 398,399,400 

Casper  mine  (Utah),  coal  from,  analysis  of 104 

desoriptioD  of 327 

(^atsburg  mine  (Pa.),  ooal  from,  analysis  of . . .  98, 99 

description  of. 313,314 

Central  City,  Ey.,  ooal  from  near,  analysis  of..       40 

description  of 205 

Central  mine  ( Ky. ),  coal  from,  analysis  of. 40 

description  of. 205 

Chandler,  Colo.,  coal  from  near,  analysis  of. . . .  24, 25 

description  of. 167 

Chandler  mine  (Colo.).    See  Chandler,  Colo. 
Chickaloon  Creek,  Alaska,  coal  from  near, 

analysis  of. 22, 23 

description  of. 167 ,  158 

Chignik  Bay,  Alaska,  coal  firom  near,  analysis 

of 19 

description  of. 151 

Cincinnati  mine  (Pa.),  coal  from,  analysis  of. .       96 

description  of. 313 

Cirrus  No.  2  mine  (W.  Va.),  coal  from,  anal- 
ysis of 115 

description  of. 363,354 

Clear  Creek,  Alaska,  coal  from  near,  analysis 

of 20 

description  of. 153 

branch  of,  coal  from  near,  analysis  of. .... .       19 

description  of. 153 

(Beaton,  Ey.,  coal  from  near,  analysis  of 40 

description  of 205,206 

Cleveland,  Mont.,  coal  from  near,  analysis  of. .       52 

description  of. 221,222 

Clinton,  Mo.,  coal  from  near,  analysis  of. 46, 47 

description  of. 214,215 

Cltntwood,  Va.,  coal  from  near.    See  Clint- 
wood  bed,  Va. 

Cltntwood  bed,  Va.,  coal  from,  analysis  of 106 

description  of. 332,333 

sections  of 332, 333 

Clymer,  Pa.,  coal  from  near,  analjrsis  of 91 

description  of. 299, 300 

Coal  Branch  mine  (Ala.).    See  Coal  City  bed. 
Coal  City,  Ala.    fi^e  Coal  City  bed. 

Coal  City  bed,  Ala.,  coal  irom,  analysis  of 18 

description  of. 149 

sectionof 149 

Coal  Creek,  Alaska,  coal  from  near,  analysis 

of 23 

description  of. 158,159 
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Coal  Creek  bed,  Tenn.,  coal  from,  analysis  of. .     101 

descr^tJoD  oL 319 

sections  of 319 

Coaldale,  Nev.,  coal  frooi  near,  analysis  of . . . .       57 

descriptionof 234,236 

Coalmont,  Cola,  coal  from  near,  analysis  of..       26 

description  of. 171«  172 

Coal  Ridge  mme  (Mont.),  coal  from,  analysis 

of 66 

description  of. 233 

Coalville,  Utah,  coal  from,  analysis  of. 106 

description  of 829,330 

Cody,  Wyo.,  coal  from  near,  analysis  of 138 

description  of 400,401 

Cokedale,  Colo.,  coal  from  near,  analysis  of . . .       28 

description  of. 176 

Cokedale  mine  (Colo.).  Se^i  Cokedale,  Cola 
Colliers,  W.  Va.,  coal  ihnn  near,  analysis  of. . . .     Ill 

description  of. 344,346 

Colliery  No.  14  mine  (Pa.),  coal  fh>m,  analy- 
sis of 98 

description  oil 308 

CoUtnsTlUe,  111.,  coal  from  near,  analysis  of. .       36 

description  of. 196. 197 

CoUom  mines  (Colo.) ,  ooal  ftom,  analysis  of .       83 

description  of 185,186 

ColoRMio  No.  5  mine  (Pa.),  coal  ftom,  analysis 

of 88,89 

descriptian  of 208,294 

Columbia,  Mo.,  coal  from  near,  analysis  of . . .  44, 46 

description  of 211,212 

Cdver,  Pa.,  ooal  from  near,  analysis  of 78,74 

description  of 289,270 

Colver  mine  (Pa.).   i9e«  Colver,  Pa. 
Commercial  No.  3  mine  (Pa.),  ooal  from, 

analysisof 83 

description  of 284 

Commercial  No.  4  mine  (Pa.),  ooal  from, 

analysisof 83 

descripticn  of 284,285 

Conmiercial  No.  5  mine  (Pa.),  ooal  Ikom, 

analysisof 84 

description  of. 2&5,286 

Confloenoe,  Pa.,  ooal  from  near,  analysis  of. .       94 

description  of. 306 

Consolidation  No.  204  mine  (Ky.),  ooal  from, 

analysisof 39 

descriptian  of 204 

Consolidation  No.  112  mine  (Pa.),  coal  from, 

analysisof 96 

description  of 309 

Consolidation  No.  113  mine  (Pa.),  ooal  Ikom, 

analysisof 96 

descriptian  of 309,310 

Cook  mine  (Mont),  ooal  from,  analysis  of 52 

descrlpticn  of 221,222 

Cook  &  White  bed,  N.  Mex.,  ooal  from,  anal- 
ysis of 69 

descriptian  of 241 

section  of 241 

Comrlke  mine  (Colo.),  ooal  from,  analysis 

of 36 

description  of 192,198 

Coronet  No.  3  mine  (Pa.),  coal  from,  analysis 

of. 94 

deaoriptlon  of. 306 


Cortes,  Cola,  ooal  frvm  near,  analysis  of 33,34 

descrlptianof 187,188,189,190 

Cortes  mine  (Colo.),  coal  from,  analysis  of....       33 

descrlptianof 187 

Cox  mine  (Cola),  coal  from,  analysis  of 28,29 

description  of 177,178 

Craig,  Colo.,  ooal  from  near,  analysis  of 33 

descrlptianof 186,187 

Craig,  OUa.,  coal  lh>m  near,  analysis  of 66 

desoiptionof 254 

Crsndall  No.  1  mine  (Mo.),  ooal  fhnn,  analysis 

of. 48 

description  of 217 

Qnne  Creek  No.  1  mine  (W.  Va.),  ooal  tlrom, 

analysisof 134 

descriptkmof 872,373 

Crane  Creek  Na  2  mine  (W.  Va.),  ooal  tlrom, 

analysisof 124,125 

descrlptianof 372,375 

Crslgbton,  Pa.,  ooal  from  near,  analysis  of . . .       68 

description  of 250,260 

Crosby,  Wyo.,  coal  from  near,  analysis  of 134, 

135,136 

descriptionof 394,306 

Cross  Mountain  No.  1  mine  (Tenn.),  ooal  from, 

analysisof lOI 

descriptkmof. 810 

Crystal,  W.  Va.,  coal  firom  near,  analysis  of..     122 

description  of 308 

Cnlbertson,  Mont,  ooal  firom  near,  analysis  of.       66 

descrlptianof 231,232 

Conunings  mine  (Utah),  ooal  from,  analysis 

of 106 

descriptkmof. 332 

Cnnningham   claims   (Alaska),  coal  from, 

analysisof 19,30,21 

deser^tkmof. 151,162,153,156,166 

Cut  Bank,  Mont,  ooal  from  near,  analysis  of.       66 

descriptionof 229 

Cymbria  mine  (Pa.),  coal  from,  analysis  of. .       69 

descriptkmof 263 

Cymbria  No.  1  mine  (Pa.),  coal  firom,  analysis 

of. 70 

deserfptkn  of. 263,264 

Cymbria  No.  2}  mine  (Pa.),  ooal  from,  analy- 
sis of. 70,71 

descriptkmof 366 

D. 

D  bed.  Pa.,  ooal  firom,  analysis  of 68, 

69,70,71,78,77,81,89,68,95 

descrlptianof 2S0, 

260, 261, 262, 263, 264, 266, 206, 273, 274, 
275,280,281,282,294,295,302,308,306 

sectkms  of 250,262, 

264, 266, 274, 281, 294, 302, 303, 306 

Dante,  Va.,  ooal  from  near,  analysis  of 106 

descriptionof 334,335 

Darms  mine  (Not.),  ooal  from,  analjrsis  of...       57 

descriptkmof. 234,236 

Davy  bed,  W.  Va.,  ooal  fkom,  analysis  of 117 

descriptionof. 358,1 

sections  of 

Davy-Pocahontas  No.  1  mine  (W.  Va.),  ooal 

fkom,  analysis  of. 117 

descriptionof. 366,380 
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Dayy-Pocahontas  No.  2  mine  (W.  Va.)»  coal 

frmi,  analysis  of. 117 

dMcriptionof. 358,3fi0 

Dawson,  N.  Hex. ,  coal  firom  near,  analysis  of. .       67 

description  of 235,236 

DawBon  No.  2  mine  (N.  Hex.).  See  Dawson, 

N.  Hex. 
Dayton,  Tenn. ,  coal  from  near,  analysis  of. . .      102 

description  of. 322,323 

Deepwater,  Mo.,  coal  from  near,  analysis  of. .       47 

description  of. 215,216 

Delagua,  Colo.,  coal  from  near,  analysis  of . . .       28 

description  of. 177 

Delagna  ndne  (Colo.).    See  Delagua,  Colo. 
Dempoey  mine  (Mont.),  coal  firam,analysi8of .       56 

description  of 231 

Diamond  mine  ( Wyo.),  cosl  from,  analysis  of.     132 

description  of. 387,388 

Dickey  No.  1  pit  (Mo. ),  coal  from,  analysis  of.       47 

description  of. 215,216 

Dickie  No.  1  prospect  (Wyo.),  coal  from,  an- 
alysis of 187 

description  of 397 

Diets,  Wyo.,  coal  from  near,  analysis  of 141 

descriptiim  of 406,407 

Diets  No.  4  mine  ( Wyo.).   See  Diets,  Wyo. 
Dolores,  Colo.,  coal  from  near,  analy^  of 35 

description  of. 190,191 

Domingaei,  Colo.,  coal  from  near,  analysis  of.       24 

description  of. 165 

Dorranoe  mine  (Pa.),  coal  fhmi,  analysis  of. .       93 

descriptitmof. 304 

Douglas,  Wyo.,  coal  from  near,  analysis  of. . .     132 

description  of. 387 

Dagger,  Ind.,  coal  from  near,  analysis  of 37 

description  of. 199,200 

Daggins  bed,  Utah,  coal  fhxn,  analysis  of. . . .     104 

descriptionof 829 

section  of 329 

Dnnlo,  Pa.,  coal  firom  near,  analysis  of. 74, 75 

descriptionof. 270,271 

Dunloop,  W.  Va.,  coal  from  near,  analysis  of.     Ill 

descriptionof. 846,347 

Dunn  Loop  No.  2  mine  (W.  Vs.).   Su  Dun- 
loop,  W.  Va. 
Dunmoro,  Pa.,  coal  from  near,  analysis  of. . . .       93 

descriptionof. 308 

Dunmore  No.  2  bed,  Pa.    Su  Dunmore,  Pa. 
Dniango,  Colo.,  coal  firom  near,  analysis  of. . .       27 

descriptionof. 174 

Diurkin  prospect  (N.  Dak.),  coal  from,  analy- 

dsof 50 

descriptionof. 242,248 

E. 

E  bed.  Pa.,  coal  from,  analysts  of 68, 

69,70,71,86,92,93,94,99 

descriptionof 250,260,261, 

262, 268, 264, 265, 290, 300, 301, 302, 305, 315 

SBCtionsof 250,261,262,265,290,301,306,315 

Eagle  mine, coal  lh>m,  analysis  of (Pa.),  05; 

(Wyo.),  139 

description  of. (Pa.),  306;  (Wyo.),  402 

Eastern  Ohio  mine  (Ohio),  coal  from,  analysis 

of 61 

descriptionof 240,247 


^sge. 
East  Wiley  mine  (Wyo.),  ooal  firom,  analysis 

of 139 

description  of. 402 

Edipse  No.  1  mine  (Okla.),  coal  fhim,  analysis 

of 64 

descriptionof. 252,253 

Edgewater  mine  (Ky.),  ooal  from,  analysis  of.       41 

descriptionof. 207 

Edlund  bed ,  Wash.,  ooal  fttun,  anal3rsis  of. . .      106 

descriptionof. 340 

Elberfeld,  Ind.,  coal  from  near,  analysis  of. . .       37 

descriptionof. 200 

Elberfeld  mine  (Ind.).   See  Elberfeld,  Ind. 
Electric  mine  ( Pa.),  coal  from,  analysis  of . . .  84, 85 

descriptionof. 286,287 

Elizabeth  mine  (Ohio),  ooal  from,  analysis  of      61 

descriptionof. 247 

EUdns  No.  1  mine  (W.  Va.),  coal  from,  sn- 

alysisof 126,127 

descriptionof 877 

EUdns  No.  6  mine  ( W.  Va.),  coal  from,  analy- 
sis of 127 

descriptionof 377,378 

Elk  Lick,  Pa. ,  ooal  from  near,  analysis  of. . . .       06 

descriptionof 306 

Elkol,  Wyo.,  ooal  from  near,  analysis  of 145 

description  of 413 

Elkol  mine  (Wyo.).    Su  Elkol,  Wyo. 
EUensburg,  Wash.,  ooal  from  near,  analysis  of     107 

descriptionof. 337,338 

El  Mora,  Pa.,  coal  from  near,  analysis  of 75 

descriptionof 271,272 

.  Elvcrton,  W.  Va.,  coal  from  near,  analysis  of. .     112 

descriptionof 347,348 

Elverton  mine  (W.  Va.).    Su  Elverton,  W. 
Va. 

Emery,  Utah,  ooal  from  near,  analysis  of 104 

descriptionof 326,327,328 

Empire  A  mine  (Pa.),  coal  from,  analysis  of.       71 

descriptk>nof 265,266 

Empire  M  (McEean)  mine  (Pa.),  ooal  from, 

analysis  of 01 

descriptton  of 299 

Empire  R  mine  (Pa.),  ooal  from,  analysis 

of. 91 

descriptionof 299,300 

Engle  Mine  (Pa.),  coal  from,  analysis  of 96 

descriptionof. 306 

Engle-Starkyille  bed,  Colo.,  ooal  from,  analy- 
sis of 29,34 

descriptionof. 179,180,182,183 

sections  of 179,182 

Ephraims  Creek  mine  (W.  Va.),  ooal  from, 

analysis  of 114 

descriptionof 351 

Experimental  mine  (Pa.),  ooal  from,  analysis 

of 67 

descriptton  of 257,258 

F. 

Fairf&x,  Wash. ,  coal  from  near,  analysis  of. .  108, 109 
descriptionof 341,342 

Fairfield  mine  (Colo. ),  coal  from,  analysis  of. .       85 
description  of 193 

Fairmount  No.  2  mine  ( Pa.),  ooal  from,  analy- 
sis of 89 

descrtptton  of 294,295 
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Figart,  PiL,  ooal  from  DfltTy  anslysis  of 75 

description  of 272 

FlzitoyviUe,  Pa.,  ooal  from  near,  analysis  of . . . .       96 

description  of 3iS 

Fire  Craek  bed,  W.Va.,  ooal  from,  analysis  of.     114 

descr^tionof 351 

section  of. 351 

Flanigan  prospect  (Oreg.),  ooal  from,  analy- 

sis  of M 

description  of 255 

Flat^p,  Va.,  ooal  from  near,  analysis  of 39, 107 

description  of. 208,335,336 

Flathead  River,  Korth  Fork  of,  Mont.,  ooal 

from  near,  analysis  of. 55 

description  of. 227 

Fleming  Pit  No.  1  (ICo.),  ooal  from,  analysis  of      43 

description  of 210 

Forbes,  Colo.,  coal  from  near,  analysis  of 28, 29 

descr^tionof 177,178 

Forbes  No.  9  mine  (Colo.)   See  Forbes,  Colo. 
Foige  Slope  No.  1  mine  (Pa.), ooal  from,  analy- 
sis of 79 

description  of 277, 278 

Franklin,  Kans.,  ooal  from  near,  analysis  of . . .       37 

description  of 200, 201 

Fremont,  Utah,  ooal  from  near,  analysis  of . . . .     104 

description  of 328 

Frick  No.  2  mine  (Pa.),  coal  from,  analysis  of..       75 

description  of 272 

Froid,  Mont.,  coal  from  near,  analysis  of 56 

description  of 232 

Frontier,  Wyo.,  ooal  from  near,  analysis  of 145 

descr^tionof 413,414 

Fuller,  Sans.,  ooal  from  near,  analysis  of 38 

descr^tionof 201 

Fulton,  Mo.,  coal  from  near,  analysis  of 45 

description  of 212 

Fulton  bed,  Pa.,  coal  from,  analysis  of 90,91 

description  of 297,298 

sections  of 297,296 

a. 

Oale  Creek  mine  (Wash.),  coal  fkom,  analy- 

sisof 109,110 

descriptian  of 343,344 

CHtfdiner,  N.  Max., ooal  from  near,  analysis  of.       57 

descriptian  of. 236 

Gardiner  No.  1  mine  (N.  Mex.).   See  Oard- 
iner,  N.  Mez. 

Oayton,  Va.,  ooal  fhsm  near,  analysis  of. 106 

descriptian  of 333,334 

Oebo  bed,  Wyo.,  ooal  from,  analysis  of.  134, 135, 136 

descrlptioool. 394,395,396 

sactionsof 394,395 

Oebo  mine  (Wyo.),  ooal  from,  analysis  of. .  136, 137 

descrlptifliiof. 805,396 

Celts  mine  (N.  Dak),  eoal  from,  analysis  of. .       60 

desoirlptkn  of 245 

Qlader  Creek,  Alaska,  coal  from  near,  analy- 

sisof 20 

desdlption  of. 153 

Olamofgan,  Va.,  ooal  fhsm  near.    See  OIa- 

morgan  bed,  Va. 
Glamorgan  bed,  Va.,  ooal  from,  analysis  of...     107 

descriptfan  of 835,336 

sactionsof 836 


Glamorvsn  No.   8  mine  (Va.).   8m  Gla- 
morgan bed,  Va. 
Okn  Campbell,  Pa.,  ooal  from  near,  analysis 

of 92 

description  of 300,301 

Gkndive,  Mont.,  ooal  fftmi  near,  analysis  of.  54 

descriptian  of. 226 

Gtairock,  Wyo.,  ooal  from  near,  analysis  of. .  132 

deacr^tion  of 387 

Godf^  mine  (W.  Va.),  ooal  from,  analysis 

of. 122 

desoripticn  of 368 

GkMdwlll,  W.  Va.,  coal  from  near,  analysis 

of 122,128 

descriptkm  of 369,370,371 

Goodwill  mine  (W.   Va.).    Set  OfxAwm, 

W.Va. 
Goucher  No.  2  mine  (Ohio),  ooal  fftmi,  analy- 
sis of 02 

descriptian  of 248 

Graham,  Ky.,  ooal  fhsm  near,  analysis  of 41 

descriptian  of 206 

Grand  Junction,  Colo.,  ooal  fhrni  near,  analy- 
sis of 33 

descriptian  <rf 184,186 

Grand  Ridge,  Wash.,  coal  fhnn  near,  analysis 

of. 107 

description  of 338 

Grand   Ridge  mine   (Wash.).    See   Grand 

Ridge,  Wash. 
Grassy  Run  No.  1  mine  (Pa.),  ooal  from, 

analysisof. 06 

description  of. 306 

Green  mhie  (Utah),  ooal  from,  analysis  of. . . .  106 

descriptian  of 330 

Qreensburg,  Pa.,  coal  from  near,  analysis  of. .  90 

descriptian  of 314 

Greybnll  mine  (Wyo.),  ooal  fhsm,  analysis  of.  139 

descriptian  of 401 

Gulon  mine  (Pa.),  ooal  from,  analysiB  of 80 

descriptian  of 206 

Gunn,  Wyo.,  coal  from  near,  analysis  of 144 

descriptian  of. 411 

H. 

Haden,  Idaho,  eoal  from  near,  analysis  of....  86 

descriptian  of 196,196 

Hale  mine  (Tenn.),  ooal  from,  analysis  of...  101 

description  of. 820 

Hale  prospect  (Tarn.),  coal  lhmi,aiialy8lsol.  101 

descrlptkm  of. 321 

Haller  mine  (Cdo.),  ooal  from,  analysb  of. .. .  35 

description  of IM 

Hamilton  prospect  (Colo.),  ooal  fhmi,  analy- 
sis of 33 

description  of. 187,188 

Hammond  prospect  (Grog.),  ooal  from,  analy- 
sis of 66 

descriptian  of 256 

Hanna,  Utah,  coal  ftom  near,  analysis  of.... .  106 

descriptian  of 331,332 

Harmon  bed,  N.  Dak.,  ooal  from,  analysis  of.  89 

descriptian  of. 243 

section  of. 2C^ 

Harney  Creek  mine  (Wyo.),  coal  from,  analy- 
sis of 132 

descriptian  of • 
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HanisbuiK,  HI.,  ooal  from  netr,  analyBis  of. .       37 

deBcriptkm  of 1W,190 

HartUne  No.  1  mine  (Alaska),  ooal  from,  anal- 

yslBof 20 

description  of 154 

HartJtTiB  No.  2  mine  (Alaslca),  coal  fitmn, 

aoalyBbof. 90 

description  of. IM 

Hartllna  No.  3  mine  (Alaska),  coal  Ihun, 

analysbof 30 

deserlptlan  of. 154 

HartUne  No.  4  mine  (Alaska),  ooal  fkmn, 

analyslsof. 20 

description  of. 154 

HartUne  No.  5  mine  (Alaska),  coal  fhsm, 

analyslsof. 30 

description  of 154 

HartUne  No.  0  mine  (Alaska),  ooal  from, 

analyslBof. 31 

description  oL 154 

HartUne  No.  7  mine  (Alaska),  ooal  fitmn, 

analyslsof. 31 

description  of 155 

Hartshome  bed,  Okla.,  coal  fh>m,  analysis  of.      64 

description  of 352 

sections  of 352 

Hastings,  Colo.   5ee  Hastings  bed,  Colo. 
Hastings,  Pa.,  ooal  from  near,  analysis  of . . . .  76, 77 

description  of. 373,274,275 

Hastings  bed,  Colo.,  ooal  ftom,  analysb  of . . .       29 

description  of. 178,179 

sections  of 178 

Hastings  mine  ((3olo.).    See  Hastings  bed, 

Colo. 
Havaoo  (formerly  Jed)  mine  (W.  Va.),  coal 

from,  analysis  of 116 

description  of 355 

Hawks  Nest,  W.  Va.,  coal  from  near,  analysis 

of 112 

deserlptlan  of 348,349 

Haynes,N.  Dak.,  ooal  from  near,  analysis  of..       59 

description  of. 243 

Haynes  prospect  (Wyo.),  coal  from,  analysis 

of 132 

descrlptfen  of 388 

Heber,  Utah,  ooal  from  near,  analysis  of 106 

description  of 332 

HeU  Gate  mine  (Mont.),  coal  from,  analysis 

of 55 

description  of 227,228 

Helller,  Ky.,  coal  fjrom  near,  analysis  of. 41 

description  of 207 

Henrlette  mine  (Pa.),  ooal  firom,  analysis  of. .  74, 75 

description  of. 270,271 

Henry  mine  (Idaho),  coal  from,  analysis  of . .       35 

description  of. 194,195 

Herbert,  Tenn.,  ooal  from  near,  analysis  of. . .     101 

description  of 310,320 

Herrln  bed,  HL,  ooal  from,  analysis  of 36,37 

descriptkm  of 196,197,198 

secttonsof 197,198 

Hesperus,  Colo.,  coal  from  near,  analysis  of . .      27 

description  of 174,175 

Hesperus  mine  (Colo.).   See  Hesperus,  Colo. 
Hiawatha,  Utah,  coal  from  near,  analysis  of.     108 
description  of. 323 
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Hiawatha  No.  land  No.  3  mines  (Utah).   See 

Hiawatha,  Utah. 
Hickey  mine  (Wyo.),  coal  ftom,  analysis  of . .     133 

description  of 391,392 

Higho,(}olo.,  ooal  from  near,  analysis  of 36 

description  of 173 

HUger,  Mont,  ooal  from  near,  analysis  of 54 

description  of 326,227 

HUlls  pcospeot  (Or^.),  ooal  fh>m,  analysis  of.       66 

description  of. 256 

Hilton  mine  (8.  Dak.),  ooal  from,  analysis  of. .     100 

description  of 316 

Hlte  mine  (Pa.),  ooal  fjrom,  analysis  of 68 

descriptlonof 269,260 

Hogan  prospect  (Utah),  coal  from,  analysis  of.     104 

descriptlonof. 328 

Holen  mine  (N.  Mex. ),  ooal  from,  analysis  of.       50 

descriptlonof. 241 

Holmes  mine  (N.  Mex.),  ooal  from,  analysis  of      67 

descriptlonof. 235 

Holsopple,  Pa.,  coal  from  near,  analysis  of 96 

descriptlonof. 307,308 

Homer  City,  Pa.,  coal  from  near,  analysis  of.  92,93 

descriptlonof. 301,302 

Honolulu  prospect (Oreg.), ooal  from,  analysis 

of 67 

descriptlonof 257 

Hopedale,  Ohio,  coal  from  near,  analysis  of. .       62 

description  of. 248, 249 

Hopewell,  Pa.,  coal  ftrom  near,  analysis  of 68, 60 

description  of 260,361 

Hopkins  mine  (W.  Va.),  coal  from,  analysis  of     133 

descriptlonof. 386 

Horseshoe  Bend,  Idaho,  coal  from  near,  anal- 
ysis of 35 

descriptlonof 194,196 

Horseshoe  mine  (Idaho),  coal  from,  analysis 

of. 36 

deacrlption  of 196 

Hotooal,  W.  Va.,  coal  ftrom  near,  analysis  of. .     137 

descriptlonof..., 378,379 

Hudson,  Wyo.,  coal  from  near,  analysis  of.  133, 134 

descriptlonof. 391,393,393,394 

Hugar,  W.  Va.,  coal  from  near,  analysis  of . . .     115 

deecrlption  of 354,355 

Hughey  prospect  (Wyo.),  ooal  ftrom,  anal3^is 

of, 141 

descriptlonof. 407 

Hume,  Mo.,  ooal  from  near,  analysis  of. 43 

descriptlonof. 309,310 

Hunts  mine  (Alaska),  coal  from  analysis  of. .       31 

descriptlonof. 154 

HuntsviUe,  Mo.,  coal  from  near,  analysis  of. .       50 

descriptlonof 219,220 

Hurst  No.  1  mine  (Mo.).,  coal  from,  analjrsis 

of..... 47 

descriptlonof. 216 

Hutchinson  mine  (W.  Va.),  ooal  from,  anal- 
ysis of 121 

descriptlonof. 866,307 

I. 

Indian  mhie(Wya),  ooal  from,  analysis  of.  138,134 
descriptlonof. 392 

Indiana  No.  6  mine  (Pa.),  coal  from,  analysis 

of. 92 

descriptlonof. 300,301 
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Indio  mine  (Ala.),  coal  from,  analysis  of 17 

description  of 148 

Inee,  Wya,  coal  (ram  near,  analysis  of. 132 

description  of. 887,388 

Ines  mine  (Wya),  ooal  from,  analysis  of 132 

description  of. 388 

J. 

Jackson  ndne  (Colo.),  coal  from,  analjrsis  of. .       34 

description  of 188,180 

Jagger  bed,  Ala.,  coal  from,  analysis  of 19 

description  of 150,151 

section  of 150 

James  mine  (Colo. ),  coal  from,  analysis  of . . . .       33 

description  of. 185, 186 

Jed,  W.  Va.,  coal  from  near,  analysis  of. 116 

description  of 355 

Jed  mine  ( W.  Va.).    See  Havaoo  mine,W.Va. 
Jefferson  bed,  Ala.,  coal  from,  analysis  of . . . .       17 

description  of 148 

sections  of 148 

Jenkinjones,  W.  Va.,  coal  from  near,  analsrsis 

of. 116 

description  of. 355,356 

Jenkins,  Ky.,  coal  from  near,  analjrsis  of 39, 40 

description  of. 204,206 

Jerome,  Pa.,  coal  from  near,  analysis  of 96 

desoription  of. 308,309 

Jerome  No.  2  mine  (Pa.).    See  Jerome,  Pa. 
John's  Dnmch  mine  ( W.  Va.),  coal  from,  anal- 

ysisof 119 

description  of 362 

Johnstown,  Pa.,  coal  f^m  near,  analysis  of. .       77 

description  of. 275 

Jones  bed,  Mont.,  ooal  fh>m,  analysis  ci. 66 

descriptionof 233 

Jones  mine,  coal  from,  analysis  of (Mont.),  56; 

(N.  Dak.),  60;  (S.  Dak.),  100 

descriptionof (N. Dak.),  244; 

(Mont.),  233;  (S.  Dak.),  318 
Jones  No.  1  mine  (Mo.),  ooal  from,  analysis  of.       51 

descriptionof. 221 

Jordan  bed,  Mo.,  coal  from,  analysis  of. 47 

desoripUonof. 214,215,216 

K. 

Kayoee,  Wya,  coal  from  near,  analysis  of 138 

descriptionof. 400 

Kay  Moor,  W.  Va.,  coal  from  near,  analysis 

of 113 

descriptionof 340,350 

Kay  Moor  No.  1  and  No.  2  mines  (W.  Va.). 

See  Kay  Moor,  W.  Va. 
Kearns  &  Duggins  mine  (Utah),  ooal  from, 

analyslsof. 104 

descriptionof 329 

Kemmerer,  Wyo.,  ooal  from  near,  analysis  of     146 

descriptionof 414 

Kemmerer  No.  1  mine  (Wyo.),  ooal  ih>m, 

analyslsof 145 

coal  from,  description  of 413, 414 

Kemmerer  No.  4  mine  (Wyo.).   See  Kem- 
merer, Wyo. 
Keystone  mine  (Pa.),  ooal  from,  analysis  of.       00 
descriptionof. 316 


King  mine,  Colo.,  ooal  from,  analysis  of M 

desorlptian  of. 164-105 

Kirby,  Wyo.,  ooal  from  near,  analysis  of. . .  136, 137 

desoriptionoL 395,396 

KlrksvUle,  Mo.,  coal  from  xiear,  analysis  of.       41 

descriptionof. 207 

Knl^t  prospect  (Utah),  ooal  from,  analysis 

of 103 

descriptionof. 324 

Knndsen  mine  (S.  Dak.),  ooal  from,  analysfa 

of 100 

descriptionof. 313 

Koehler,  N.  Mex. ,  ooal  from  near,  analysis  of.       58 

descriptionof. 237 

Koehler  No.  1  mine  (N.  Mex.).   See  Koehler, 

N.Mex. 
Kooi,  Wyo.,  coal  from  near,  analysis  of 141, 143 

descriptionof...... 407,403,400 

Kooi  mine  (Wyo.).   5ee  Kooi,  Wyo. 

L. 

La  Belle  mine  (Ohio),  ooal  Crom,  analysis  of.      63 

descriptionof. 250 

Lafiayette,  Ck>lo.,  ooal  from  near,  analysis  of. .       34 

descriptionof. 163,164 

Landreth  No.  1  mine  (Mo.),  ooal  from,  ana- 
lysis of 40 

descriptionof. 217,218 

Lane  No.  1  mine  (Mo.),  ooal  from,  analysis  of.       46 

descriptionof. 214 

Lansing,  Kans.,  coal  from  near,  analysis  of..  38,30 

desoripUonof. 208 

Leavenworth,  Kans.,  ooal  from  near,  analy- 
sis of 30 

descr^tion  of. 202,208 

Leolde,W.Va.,  ooal  from  near,  analysis  of.  116,117 

descriptionof. 356-358 

Leckie  No.  1  and  No.  2  mines  (W.  Va.).   See 

Leckie,W.Va. 
Leith,  N.  Dak.,  ooal  from  near,  analysis  of . .       60 

descriptionof. 244 

Lenore  mine  (Pa.),  ooal  from,  analysis  of . . . .       05 

descriptionof. 307 

Lenore  No.  1  mine  (Pa.),  ooal  from,  analysis 

of 86 

descriptionof. 289,280 

Lenore  No.  2  mine  (Pa.),  ooal  from,  analysis 

of 86 

desoription  of. 288,290 

Lewis,  Mo.,  ooal  from  near,  analysis  of 48 

descriptionof 216 

Lewis-FInley  No.  1  mine  (W.  Va.),  coal  tram, 

analyslsof HI 

descriptionof 344,346 

Leizlngton  bed.  Mo.,  coal  from,  analysis 

of 45,40,51 

descriptionof. 313,218»219,220 

sections  of. 219 

Lincoln  No.  1  mine  (Pa.),  ooal  from,  analy- 
sis of 78 

descriptionof. 276 

Linmer  mine  (Pa.),  ooal  from,  analysis  of... .      94 

descriptionof 306 

Littleton,  Ala.,  ooal  from  near,  analysis  of . . .       17 
descriptionof 147 
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Little  Vermilion  mine  (Ill.)y  ooal  from,  anal- 

ysisof 37 

description  of 190 

Lfitton,  Twin.,  coal  irom  near,  analysis  of .. .     IQL 

description  of. 330,321 

Lodgepole,  S.  Dale.,  ooal  from  near,  analysis  of     100 

description  of 317 

Logan  No.  5  mine  (Pa.),  coal  from,  analysis  of.       73 

description  of 268,209 

Lord  bed,  Colo.,  ooal  from,  anaylsls  of 35 

description  of 192 

section  of 192 

Lost  Spring,  Wyo.,  ooal  from  near,  analysis 

of 132,133 

description  of 388,389,390 

Lou  Creek  mine,  Colo.,  ooal  from, analysis  of.      35 

description  of 192 

Loulsirille  No.  1  mine  (W.  Va.),  coal  from, 

analysis  of 123 

description  of 370,371 

Louisville  No.  2  mine  (W.  Va.),  ooal  from, 

analysis  of 123 

description  of 370,371 

Louisville  No.  3  mine  (W.  Va.),  ooal  from, 

analysis  of. 123 

description  of 870,871 

Lower  Boiling  bed,  Ky.,  coal  from,  analysis  of      39 

description  of 203 

section  of 203 

Lower  Boiling  bed,  Va.,  ooal  from,  analysis 

of 107 

description  of 335 

section  of. 335 

Lower  Elkhom  bed,  Ey.,  ooal  from,  analysis 

of. 40 

description  of. 204,205 

Lower  Freeport  bed,  Ohio,  ooal  from,  analysis 

of 61,63 

description  of. 246,247,260 

sectionsof 246,247,250 

Lower  Freeport  bed.  Pa.,  ooal  fkom,  analysis 

of 68,60,70,71,76,77,81,89,98,05 

description  of. 250,260,261, 

262, 263, 264, 266, 266, 273, 274, 275, 
280,  281, 282, 294, 295, 302, 308, 306 

sections  of 259,262, 

264,266,274,281,294,302,308,306 
Lower   Hartshome  bed,  Okla.,  ooal  from, 

analysis  of 64 

description  of 252,253,254 

sectionsof 254 

Lower    Kittanning    bed,   Pa.,  ooal    fh>m, 

analysis  of 09,71, 

72, 73, 74, 76, 76, 78, 79, 80, 81, 82, 
83,  84,  85, 86, 87, 88, 89, 90, 91, 95 

description  of 263,266,267,268, 

269, 270, 271, 272, 273, 276, 277, 278, 279, 280, 
282, 283, 284, 285, 286, 287, 288, 289,280, 291, 
292,  203,  294,295,296,297,296,299,300,307 

sections  of 263,266,267,268, 

269,270,271,273,276,278,279,280,282, 
283, 284, 285, 286, 287, 288, 280, 290, 291, 
292,204,295,296,297,296,299,300,307 
Lower  Bich  HOI  bed.  Mo.,  ooal  from,  analysis 

of. 43,44 

descr4>tionof. 210,211 


Lower  Standiibrd  bed,  Ky.,  ooal  from,  analy- 
sis of 39 

description  of 203 

Lnoesoo,  Pa.,  ooal  from  near,  analysis  of 99 

description  of 315 

Lnoesoo  mine  (Pa.).    See  Luoesoo,  Pa. 

Lynwin  mine  ( W.  Va.),  coal  from,  analysis  of.  130 

description  of 383,384 

M. 

McAlester,  Okla.,  ooal  from  near,  analysis  of.  65, 66 

description  of 254,255 

McAlester  bed,  Okla.,  coal  from,  analysis  of. .  65, 66 

descriptton  of 253,254,255 

McAlpin  No.  1  mine  (W.  Va.),  ooal  from 

analysis  of 131 

descriptwn  of 385,386 

McC^um  mine  ((^lo.),  ooal  from,  analysis  of      26 

description  of. 172 

McCHirtain,  Okla.,  ooal  from  near,  analysis  of.       64 

description  of 251,252 

McCurtain  bed,  Okla.    i9«e  McCurtain,  Okla. 
McDonald  mine  (Alaska),  ooal  from,  analysis 

of 21 

description  of 156 

MoFariand  prospect  (Tenn.),  ooal  from,  anal- 
ysis of 101 

description  of 320,321 

McGulTey  mine  (Wyo.),  coal  from,  analysis  of.     138 

description  of 400,401 

McHenry,  Ky .,  ooal  from  near,  analysis  of. . .       41 

description  of 207 

McHenry  mine  (Ky.).   See   McHenry,  Ky. 
MoC^uade  station,  W.  Va.,  coal  from  near, 

analysis  of 128 

descr^tionof 379,380 

Mackton  mine  (Mont. ) ,  ooal  from,  analysis  of.       54 

description  of 224,225 

Madera,  Pa., ooal  from  near,  analysis  of 86,87 

descr^tionof 290,291,292 

Madiaon,  Pa.,  ooal  from  near,  analysis  of 99 

description  of 315 

Madrid,  N.  Max.,  ooal  from  near,  analysis  of.       59 

descriptfon  of 240,241,242 

Manoos,  (^lo.,  ooal  from  near,  analysis  of 35 

description  of 191,192 

Manoos  bed,  Utah,  coal  fh>m,  analysis  of 105 

description  of. 331,332 

secttonof 331,332 

Maroeline,  Mo.,  coal  from  near,  analysis  of . . .       49 

dcscriptkmot. 217,218 

Marr  mine  (Colo.),  ooal  from,  analysis  of 27 

description  of. 172 

Martinsburg,  Mo.,  coal  from  near,  aaaljrsis  of.       41 

description  of 208 

Mary  Lee  bed,  Ala.,  ooal  from,  analysis  of. .       17 

description  of. 147 

sectionsof 147 

Masontown,  W.  Va. ,  coal  from  near ,  analysis  of     127 

description  of 377,378 

Masters  bed,  Wyo.,  coal  from,  analysis  of —      130 

description  of 404,405 

sectkmsof 404 

Matannska  River,  Alaska,  coal  fh>m  near, 

analysisoL 23 

descriptkmoL 150,160,161,162 
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Matoaka,  W.  Va. ,  coal  from  near,  analjrsis  of.  123, 124 

deacriptkmof 371,372 

Maybeary,  W.  Va.,  coal  from  near,  analysis  of     119 

descriptkm  of. 301 

Mayfleld  No.  2  prospect  (Wyo.),  ooal  from, 

analyslsof. 137 

description  ot 307 

Medicine  Lake,  Mont.,  coal  from  near,  analy- 
sis of 66 

descriptkm  of. 232,233 

Meeker,  Colo.,  ooal  lh>m  near,  analysis  of 35 

descriptton  oL 192,103,194 

Meeker  mine  (Colo.).    8te  Meeker,  Colo. 
Meeteetse,  Wyo.,  ooal  from  near,  analysis  of.  137, 138 

descrtpttan  of. 307,401 

Melbourne,  Mo.,  ooal  from  near,  analysis  of. .       45 

descripttonot 213 

Mendota,  Mo.,  ooal  from  near,  analysis  of 49 

descriptton  oL 218 

Mendota  No.  2  mine  (Mo. ).    See  Mendota,  Mo. 
^endota,  Wash.,  coal  from  near,  analysis  of. .     108 

descriptkm  of. 339,340 

Mendota  No.  1  mine  (Wash.).   See  Mendota, 

Wash. 
Middle  Kittanning  bed.  Pa.,  ooal  from,  analy- 

sisoL 76,77,87,88 

descriptkm  of. 272,275,292,293 

sectfonsof 272,298 

Mkldle  States  mine  (W.  Va.),  coal  from, 

analysisof. 116 

descriptkm  oL 354,355 

MIU  Creek,  W.  Va., ooal  from  near,  analysis  of.     132 

descriptkmof. 386 

Mill  Creek  mine  (W.  Va.),  ooal  firom,  analy- 

sisof. 112 

description  ot 348,349 

Miller  bed.  Pa.   See  B  or  Lower  Kittanning 

bed.  Pa. 
Miller  No.  1  shaft  ( Pa.),  coal  from,  analysis  of.       79 

description  oL 278,279 

Miller  Run  mine  (Pa.),  coal  from,  analysis  of.       76 

descriptkmof. 273 

Mindenmines,  Mo.,  coal  from  near,  analy- 
sis oL 42 

descripttonoL 208,200 

Misqualy  Chief  bed,  Wash.,  coal  from,  analy- 
sis of 108 

descripttonoL 341 

secttonof 341 

Missoula,  Mont.,  ooal  from  near,  analysis  of. .       55 

descriptkmof. 227,228 

MitcheU  mine,  Colo.,  ooal  from,  analysis  of . . .       26 

descriptkm  oL 171,172 

Mitchell  mine  (Wyo.),  coal  from,  analysb  of..      134 

descripttonoL 393 

Monahan  mine,  Colo.,  coal  from,  analysis  of.       26 

descriptkmof. 172 

Monarch,  Wyo.,  coal  from  near,  analysb  of. .     148 

descr^ttonoL 409,410 

Monarch  bed,  Wyo.,  coal  from,  analjrsis 

of. 141,142,143 

descriptkmof. 407,408,409,410,411 

sectkmsof 408,409 

Monarch  mine  (Wyo.).    See  Monarch,  Wyo. 
Mondak,  Mont.,  coal  lh>m  near,  analysis  of. .       67 
description  oL • 283 
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Monongah,  W.  Va.,  ooal  from  near,  analy- 
sis of 121 

descriptkmoL 365 

Monongahela  City,  Pa.,  ooal  tnm  near,  anal- 
ysis of 98,90 

descr^tioQor. 813,314 

Montana  Statkm,  W.  Va.,  ooea  from  near, 

analysisof. 121 

descriptkmof. 3K,366 

Montenima  bed.  Wash.,  ooal  from,  analysis  of     lOB 

descriptkmof. 341,343 

sectionof 343 

Montgomery  mine  (Colo.),  ooal  tram,  analy- 
sis of. 35 

descriptkmof lOS 

Moonaoft,  Wyo.,  ooal  fh>m,  near,  analysis  of. .      146 

description  of 416 

Mora,  W.  Va.,  coal  Ctom  near,  analysis  of. . . .  IM,  125 

descripttonof 372,373,374,375 

Mocgan  Run  mine  (Pa.),  coal  from,  analysis  of  86^  S7 

descriptfon  of. 201, 203 

Moigan  Springs  bed,  Tenn.,  coal  from,  anal- 
ysisof      la 

descripUonof 320^321 

Morley,  Colo.,  ooal  firom  near,  analysis  of 20 

description  of. 179,180 

Morley  mine  (Colo. ).    See  Morley ,  Colo. 

Morris,  Ala.,  ooal  firom  near,  analysis  of 17 

desolptkm  of 148 

Morrtsdale,  Pa.,  ooal  firom  near,  analysis  of S7, 88 

description  of. 282,201 

MorrisdaleNo.l,No.2,andNo.3mine6.    See 

MoRlsdale,  Pa. 
MorTison,Colo.,ooallh>m  near,  analysisof 27 

desoii^tioQ  oL 173, 174 

Morton,  Wash.,ooalltom  near,  analysisof 108 

descriptkmof 340,341 

Mosby  mine,  Colo.,  coal  ftom,  analysis  of 24 

descr^tkmof. 166 

Moshannon  No.  10  mine  (Pa.),  coal  from, 

analysisof 85 

descriptkmof. 287,288 

Moundville,  Mo. ,  ooal  from  near,  analysis  of. .       51 

description  of 221 

MoundsviUe,  W.  Va.,  ooal  from  near,  analysis 

of. 123 

descriptkmof. 367,368 

Mount  Ann,  Alaska,  ooal  from,  analysisof ...       21 

descriptkmof. 154 

Mount  Hamilton,  Alaska,  ooal  ftom,  analysis 

of. 21 

descriptkmof. 155 

Mowry  mine  (Cok).),  ooal  finom,  analysis  of 34 

descriptkmoL 180 

Mulberry  bed.  Mo.,  coal  Itom,  analysts  of 42, 43 

desor^tion  of 300,210 

Mulky  bed,  Mo.,  ooal  itom,  analysis  of 41,50,51 

description  of 208»230 

Mullin  mine  (Ky.),  ooal  firom,  analysis  of 30 

description  of 203 

Munson,  Pa.,  ooal  firom  near,  analysis  of. 88,80 

descr^tkmot 293,201 

N. 

NantyOlo,  Pa.,  ooal  from  near,  analysis  of —  78,79 
descriptlcm  of 375,277 

Neil  No.  1  mine  (Mo.),  ooal  finom,  analysis  of. .  4«,  47 
descriptkmof.-. 314 
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NetaoD  bed,  TQim.,ooal  from,  analysis  of. 103 

deacrlptioii  of 332,323 

NeboQ  mine  (S.  Dak.),  ooalfrtnn,  analysis  of..      100 

description  oL 317 

Nevada  mine  (Nev.),  ooal  from,  analysis  of.. . .       57 

descr^tion  of. 236 

New  Aome,  Wyo. ,  coal  from  near,  analysis  of.     143 

description  of. 410^411 

New  Acme  mine  (Wyo.).    8u  New  Acme, 

Wyo. 
Newcastle,  Colo.,  ooal  from  near,  analysis  of         2S 

descrlptkm  of 168,100 

Neweomb  mine  (8.  Dak.),  ooal  ftom,  analysis 

of. 100 

description  of. 317 

New  Home,  Mo. ,  ooal  from  near,  analysis  of . . .       43 

description  of 210 

New  Home  No.  1  mine  (Mo.).    See  New 

Home,  Mo. 
New  Prospect  mine  (Tenn.),  ooal  flrom,  anal- 
ysis of 102 

descrtptfon  of. 322,823 

Nipper  &  Monroe  mine  (N.  Dak.),  coal  fhnn, 

analysisof. 60 

description  of 242 

Noble  mine  (Ohio),  coal  from,  analysis  of 63 

description  of. 261 

Norfolk  mine  ( W.Va.),  coal  from,  analysis  of.      119 

descriptlan  of 361 

Northern  No.  2  mine  (Mo.),  ooal  from,  anal- 
ysisof        60 

description  of 210,220 

North  Pole  mine  (Tenn.),  ooal  from,  analysis 

of. 102 

description  of. 822 

North  Side  mine  (Mont.),  ooal  from,  analysis 

of. 63 

description  of 223,224 

No.  4  bed,  Ind.,  coal  from,  analysis  of. 37 

description  of 109,200 

sectloosof 199 

No.  5  bed,  HI.,  ooal  lh»n,  analysis  of 37 

description  of. 196,199 

sections  of 198 

No.  5  bed,  Ind.,  ooal  from,  analysis  of. 37 

descriptioB  of 200 

section  of 200 

No.  6  bed,  ni.,  coal  ftom,  analysls.of 36,37 

description  of. 196-199 

sections  of 197,198 

No.  7  bed,  Ohio,  ooal  from,  analysis  of 63 

description  of 251 

sections  of 251 

No.  8  bed,  Ohio,  coal  ftom,  analysis  of 62,63 

description  of 248,249,250 

sections  of 248,249,250 

No.0bed,  Ky.,  coal  from,  analysis  of 40,41 

dsecription  of. 205,206,207 

Nyasa,  Oreg.,  coal  tnm.  near,  analysis  of 67 

description  of. 267 

O. 

O'Brien  claims  (Alaska),  ooal  from,  analysis 

of. 28 

description  of. 159,160,161,162 

47664^— Bull.  86- 14 29 
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O'Oara  No.  9  mine  (Dl.),  coal  from,  analysis 

of 37 

description  of. 196,199 

Oak  mine  (Pa.),  coal  from,  analysis  of. 68 

description  of. 260 

Oakdale  mine  (Colo. ) ,  ooal  from,  analysis  of. .      26 

description  of. 170,171 

Oakley,  Idaho,  coal  ftom  near,  analysisof....       86 

description  of. 196 

Oak  Station,  Pa.,  ooal  fhim  near,  analysis  of.       68 

descriptlan  of 260 

Oakriew,  Colo. ,  coal  fh»n  near,  analysis  of. . .       26 

description  of. 170, 171 

Old  Abe  bed,  N.Mex.,  ooal  from,  analysis  of..       50 

description  of. 230 

section  of 230 

Old  Abe  mine  (N.  Mez.).   See  Old  Abe  bed , 
N.  Mex.     . 

Oneida  mine  ( Pa.),  ooal  from,  analysis  of 95 

description  of. 307,308 

Onyon  mine  (Wyo.),  coal  from,  analysis  of. .      133 

description  of. '  380 

Oregon  No.  2  mine  (W.  Va.),  ooal  from, 

analysisof. 120 

descriptlan  of. 863,364 

Oregon  No.  3  mine  (W.  Va.),  coal frt>m,  analy- 
sis of 120 

description  ot. 363,364 

Orris  No.  1  mine  (Mo.),  coal  from,  analysis  of.  .*  50, 51 

description  of. 220 

Osceola  Mills,  Pa.,  coal  from  near,  analysis 

of 84,85,80 

description  of. 286, 287, 288, 289, 294, 295 


P. 


Painted  Rook,  Mont.,  ooal  from  near,  analysis 

of 55 

description  of. 228 

Panama,  IlL,  coal  from  near,  analysis  of 37 

description  of. 197.198 

Panama,  Mo.,  ooal  from  near,  analysis  of . . . .       51 

descr  Ipt  ion  of 221 

Panama  mine  ( W.  Va),  coal  from,  analysis  of.      1 22 

description  of. 367. 368 

Panama  No.  1  mine  (111.).    See  Panama,  HI. 
Pardee,  Va.,  coal  from  near,  analysis  of 107 

description  of 336 

Pardee  bed,  Va.    See  Pardee,  Va. 
Pardee  No.  1  mine  (Va.).    8u  Pardee,  Va. 
Parker  Run  mine  (W.  Va.),  coal  from,  analy- 
sis of 121 

description  of. 365.366 

Parks  No.  1  mine  (Mo. ),  ooal  from,  analysis  of.       46 

description  of. 213 

Parlett  mine  ( Ohio) ,  coal  from,  analysis  of 62 

description  of 248.240 

Pawama  No.  1  mine  (W.  Va.),  eoal  from, 

analysis  of. 123 

description  of. 371 

Pawama  No.  2  mine  (W.  Va.),  ooal  from, 

analysisof. 121 

description  of. 372 

Peacock  prospect,  N.  Max.,  coal  from,  analysis 

of 59 

description  of. 241,242 
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Peerless  No.  1  mJne  (Pa.),  coal  from,  analysis 

of...... 75 

description  <tf. 371,273 

Penitentiary  mine  (Kans.),  coal  from,  analy- 

sisof 38,39 

description  of. 302 

Pennsylvania  No.  3  mine  (Pa.),  ooal  from, 

analysisof. 73,73 

description  of. 268 

Peimsylvanla  No.  11  mine  (Pa.),  coal  from, 

analysisof. 70,77 

description  of. 378-375 

Pemisylvania  No.  12  mine  (Pa.),  coal  frtnn, 

analysisof. 77 

description  of. 37S-275 

Pennsylvania  No.  15  mine  (Pa.),  ooal  frtm, 

analysisof. 71 

description  of. 266,367 

Pennsylvania  No.  21  mine  ^a.),  ooal  from, 

analysisof. 81 

descriptioa  of. 280-383 

Pennsylvania  No.  23  mine  (Pa.),  ooal  frtnn, 

analysis  of. 81 

description  of. 280-282 

Penobscott  mine  (Pa.),  coal  from,  analysis  of.       97 

description  of 311-313 

Perins,  Colo. ,  coal  from  near,  analysis  of 27 

description  of. 176-176 

Perins  Peak  mine  (Ck)lo.).    Set  Perins,  Cola 
Pharis  No.  1  mine  (Mo.),  ooal  from,  analysis 

of 47 

descrip  tion  of. 214-216 

Phillips  mine  (S.  Dak.),  coal  from,  analysis  of     100 

desCT  ip  t  ion  of 318 

Philipsbnrg,  Pa. ,  coal  from  near,  analysis  of. .       89 

description  of. 295 

Pierce  mine  (Mont.),  coal  from,  analysis  of 57 

description  of. 234 

Pigg  No.  1  mine  (Mo.)>  coal  ih>m,  anals^sisof.       48 

description  of. 210 

Pikeview,  Colo. ,  coal  from  near,  analysis  of . . .       24 

description  of. 186 

Pikeview  mine  (Colo.).    Su  Pikeview,  Colo. 
Pikeville,  Tenn. ,  coal  from  near,  analysis  of. . .      101 

description  of 320,321 

Pinehflt,  Pa. ,  coal  from  near,  analysis  of 96 

description  of. 309-310 

Piney  Fork,  Ohio,  coal  from  near,  analysis  of.  62,03 

description  of 349 

Piney  Fork  No.  1  and  No.  3  mines  (Ohio). 

See  Piney  Fork,  Ohio. 
Piney  mine  ( W.  Va.),  coal  from,  analysis  of.  114, 115 

description  of 352,353 

Pinkham  mine  (N.  Dak.),  coal  from,  analysis 

of 59 

description  of. 242 

Pinnacle  mine  ( W.  Va.),  coal  from,  analysis  of     125 

description  of 373-^74 

Pittsburgh  bed,  Ohio,  coal  from,  analysis  of. .  62, 63 

description  of. 248,249,250 

sections  of 248,249,250 

Pittsburgh  bed,  Pa.,  ooal  from,  analysis  of —      67, 

68,97,98,99,110,111,121 

description  of 257,258,260,311, 

312, 313, 314, 315, 344, 345, 366, 366, 367 


Pittsborgh  bed.  Pa.,  seetion  of 3S8. 

200,311,313,313,314,345,364,386 
Pittsbuig^  bed,  W.  Va.,  coal  Ihan,  analysis 

of 123 

description  of. 307,388 

section  of 307 

PIttston,  Pa.,  coal  fktnn  near,  analysis  of. . ...       93 

descilptian  of 3(B 

Pittston  bed,  Pa.    See  Plttstcn,  Pa. 

Plaza,  N.  Dak.,  ooal  fkt>m  near,  analysis  oC. . .       410 

description  of 344 

Plentywood,  Mont.,  coal  from  near,  analysis  of      67 

description  of 234 

Phimb  Run  No.  1  mine  (Ohio),  ooal  frtmiy 

analysisof. 63 

description  of 349-350 

Plumb  Run  Na  4  mine  (Ohio),  ooal  firam, 

analysisof 03 

description  of. 

Plumb  Run  No.  5  mine  (Ohio),  ooal  ihmi, 

analysisof. 

description  of 

Plymouth  No.  1  mine  (Pa.),  ooal  from,  an- 
alysis of 80 

description  of 279 

Pocahontas  No.  3  bed,  W.  Va.,  ooal  tmn., 

analysisof. 114,115,116, 

117, 118, 119, 120, 132, 138, 134, 125, 130 

description  of 303, 

353, 354, 355, 350, 357, 358, 350, 361, 364, 
368,300,370,371,373,373,374, 875, 87S 

section  of 353,353,350,357,358,304, 

368, 369, 370, 371 ,  373, 373, 374, 375, 376 
Pocahontas  No.  4  bed,  W.  Va.,  ooal  firom, 

analysisof. 115,120 

description  of 863,354,355,303,354 

section  of 353,354,363 

Pocahontas  No.  6  mine  (W.  Va.),  coal  ftam, 

analysisof. 116 

description  of 355-356 

section  of 356 

Pocahontas  No.  0-B  mine  (W.  Va.),  coal  from, 

analysis  <rf 116 

description  of. 355-356 

section  of 356 

Pocahontas  No.  7-A  mine  (W.  Va.),  ooal  from, 

analysis  (tf 116 

description  of. 35S-356 

section  of 356 

Portage,  Pa.,  coal  from  near,  analysis  of —  79,80,R1 

description  of 277-280 

Potts  Run  No.  3.  mine  (Pa.),  coal  fh»n, 

analysisof 85,86 

description  of. 299 

Powell  mine  (N.  Dak. ),  ooal  from,  analysis  of.       00 

descrtptionof 345 

Powers    mine    (Va.),  ooal  fh>m,  analysis 

of 105 

description  of 833 

Prather  No.  1  mine  (Mo.),  ooal  fh>m,  analysis 

of 44,45 

description  of. 211-213 

Price,  Utah,  ooal  ftom  near,  analysis  of 103 

descriptionof 334 

Primero,  Colo.,  ooal  from  near,  analysis  of —  29^ 
descriptionof. 180-188 
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Page. 
Piimero  mines  (Cola).    Set  Primero,  Colo. 
Proposia  mine  (Wyo.),  coal  from,  analysis  of.     134 

description  of S93-394 

Puggsley  mine  ( Wyo.),  coal  (Tom,  analysis  of.     138 

descripticxi  of 390 

PuDen  No.  1  mine  (Mo.),  coal  fhmi,  analysis  of      42 

descriptioa  of. 208,200 

Purdon  mine,  Cdo.,  ooal  from,  analysis  of 24 

descripUoQof 166 

R. 

Ralei^,  W.  Va.,  ooal  from,  analysis  of 128 

description  of 380 

Raleigh  No.  1  and  No.  3  mines  (W.  Va.). 

iSee  Raleigh,  W.  Va. 
Ralph,  S.  Dak.,  ooal  from  near,  analysis  of..     100 

description  of 317 

Ralphton,  Pa.,  coal  iirom  near,  analysis  of 06, 07 

description  of. 310,311 

Ralphton  No.  3  mine  (Pa.)  coal  from,  analysis 

of 06,07 

description  of 310 

Ralphton  No.  4  mine  (Pa.),  coal  fhmi,  analysis 

of 07 

description  of 310,311 

Ramah,  Colo.,  coal  fhim  near,  analysis  of . . . .       24 

description  of. 166 

Raton  bed,  N.  Max.,  ooal  from,  analysis  of. . .  57, 68 

description  of. 235,236,237 

section  of 236,237 

Rod  Ash  bed.  Pa.,  coal  ftom,  analysis  of 08 

description  of 304 

Red  Ash  mine  (Wyo.),  coal  from,  analysis  of.     138 

description  of 400 

Red  Bank  mine  (Mont.),  ooal  from,  analysis  of      56 

description  of 230,231 

Rees-Grass  C^roek  mine  (Utah),  ooal  ftom, 

analysis  of. 104 

description  of 320 

Renick,  Mo.,  ooal  from  near,  analysis  of 60,51 

description  of 220 

Reuben    Boiling   mbie    (Va.),   ooal   firom, 

analysisof 107 

description  of 335 

Reynolds  mhie  (U tah),  ooal  from,  analysis  of.      105 

description  of 331 

Riach  mine  (Colo.),  ooal  from,  analysis  of. . . .       26 

descriptkm  of 171 

Rich  Hill,  Mo. ,  ooal  from  near,  analysis  of 44 

description  of 210,211 

Rich  Hfll  bed,  Mo.,  coal  from,  analjrsis  of 43,51 

deseriptfon  of 221 

Richard,  W.Va.  ,ooal  ftom  near,analysis  of.  126, 127 

description  of 377 

Richardson  mine  (Mont.),  ooal  from,  analysis 

of 55 

description  of 230 

Richland  bed,  Tenn. ,  ooal  from,  analysis  of. . .      102 

description  of 322' 

Ridiwood,  W.  Va.,ooal  from  near,  analysis  of.     114 

descriptkm  of 351,352 

Ridgway,  Colo.,  coal  from  near,  analysis  of. .       36 

descriptkm  of 102 

Ritchie  No.  1  pit  (Mo.),  ooal  from,  analysis  of.       44 

description  of 211 


Pagei 
Ritchie  No.  8  pit  (Mo.),  coal  from,  analysis  of.       44 

description  of 211 

Robertsdale,  Pa. ,  ooal  from  near,  analysis  of. .       00 

descrlptk>n  of 207,206 

Robertsdale  mine  (Pa.).  Su  Robertsdale,  Pa. 
Rockvale,  Colo.,  ooal  from  near,  analysis  of. .       25 

descriptkm  of 167, 168 

Rockyale  mine  ((^lo.).    Su  Rockvale,  Colo. 
RoderfieldfW.Va.,  coal  from  near,  analysis  of     117 

description  of 358,350 

RQlfe,W.Va.,  coal  from  near,  analysis  of 118 

description  of 359, 360 

Rolfe  mtaie  (W.  Va.).    Su  Rolfe,  W.  Va. 

Rosin  mine  (Wyo.),  coal  from,  analysis  of 133 

description  of 380,300 

Rtelyn,  Wash.,  ooalfrom  near,  analysisof..  107,106 

description  of 338,330 

Roslyn  No.  1  and  No.  2  mines  (Wash.).   See 
Roslyn,  Wash. 

B. 

8t.  Mary's  Creek,  Alaska,  ooal  from  near, 

analysis  of 21 

description  of 156 

Sagamore  No.  1  mine  (W.  Va.),  ooal  from, 

analysis  of 125 

description  of 374,375 

Sagamore  No.  2  mine  (W.  Va.),  coal  from, 

analysis  of 125 

description  of 374, 375 

Salina,  Utah,  ooal  from  near,  analysis  of 104 

description  of 320 

San  Bois  No.  2  mine  (Okla.),  coal  from, 

analysisof 64 

description  of 251,252 

San  Juan  mine  (Colo.),  ooal  from,  analysis  of..       27 

description  of 174 

Schoenberger  mine  (Pa.),  coal  from,  analysis 

of 07,08 

description  of 312 

Scranton,  N .  Dak.,  coal  from  near,  analysis  of.       50 

description  of '. 243 

Scranton  mine  (N.  Dak.).    Su  Scranton,  N. 
Dak. 

Sewanee  bed,  Tenn.,  coal  from,  analysis  of 101 

description  of 310,320,321 

Sewell bed,  W.Va.,  coal  from,  analysis  of Ill, 

112,113,114,132 

description  of 345, 

346, 347, 348, 340, 350, 351, 352, 386 

sections  of 345,346,348,350,352,386 

Sewell  mine  ( W .  Va. ),  ooal  from,  analysis  of. .      Ill 

description  of 345,346 

Sefwickley  bed,  W .  Va. ,  ooal  from,  analysis  of.     121 

description  of. 365,366 

sections  of 366 

Shafer  mine  (Colo. ),  ooal  from,  analysis  of. . . .       33 

description  of. 186 

Sheldon  No.  1  mine  (Mo.),  coal  from,  analy- 
sis of 47 

description  of. 215 

Sheridan  No.  2  mine  (Kans.),  coal  from, 

analysisof 38 

description  of 201 

Shots  mine  (Mont.),  coal  from,  analysis  of . . .       55 
descrlptian  of. 228 
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Simpsoomlne,  Cola,  ooslflrom,  analysis  of..       24 

description  of 1<Q,164 

Skibo  mine  (Ky.),  coal  ftam,  analysis  of 41 

descriptioo  of 306 

Slab  Fork,  W.  Va.,  coal  tram  near,  analysis 

of 129,130 

description  of 381,382,383 

Blab  Fork  No.  1,  No.  2,  Na  3,  No.  4,  and  Na  5 
mines  (W.  Va.).  See  Slab  Fork, 
W.Va. 

Sloan  mine  (Fa.),  coal  from,  analysis  of. 93 

description  of. 308 

Smithfleld,  Ohio,  coal  from  near,  analysis  of .       83 

descripUanof 249,260 

Smoke  Ron,  Pa.,  coal  from  near,  analysis  of . .  8D,  90 

description  of. 296,297 

Snyder  mine  (Mont.),  coal  from,  analysis  of . .       64 

description  of. 236 

Somerset,  Colo.,  coal  from  near,  analysis  of. .       25 

description  of. 169,170 

Somerset  mine  (Colo.).    See  Somarset,  Colo. 
Sonman  No.  2  shaft  (Pa.),  coal  from,  analysis 

of 80,81 

descriptioo  of. 379,280 

South  Canyon,  Colo.,  coal  from  near,  analysis 

of 26 

description  of. 160 

South  Canyon  mine  (Cola).    See  South  Can- 
yon, Cola 
South  Nuttal,  W.  Va.,  coal  from  near,  analy- 

sis  of 113 

description  of. 360,351 

South  Side  mine  (Mont.),  coal  from,  analysis 

of 63 

description  of 223,224 

Spangler,  Pa.,  coal  from  near,  analysis  of . . . .       81 

description  of 280,281,282 

Springfield  No.  1  mine  (Pa.),  coal  firom,  analy- 
sis of 78,79 

description  of 270,277 

Spruce,  W.  Va.,  coal  from  near,  analysis  of. .     132 

description  of 386 

Spruce  Knob  mine  ( W.  Va.),  coal  fhnn,  analy- 
sis of 114 

description  of 351,352 

Standard  Pocahontas  mine  ('vV.  Va.),  coal 

from,  analysis  of 120 

description  of. 364 

8tarmlne(Mo.),  coal  from,  analysis  of 41 

description  of 207 

Starkville,  Colo.,  coal  from  noar,  analysis  of. .       32 

description  of. 182, 183 

Starkville  mine  (Colo. ).    See  Starkville,  Colo. 
Steobenville,  Ohio,  coal  from  near,  analysis 

of 63 

description  of. 250 

Stone  mine  (Mont.),  coal  from,  analysis  of . . .       54 

description  of 226,227 

Stone  prospect  (Mont.),  coal  flrom,  analy- 
sis of. 66 

description  of 229 

"S toner"  bed.  Pa.,  coal  from,  analysis  of 96 

description  of. 309,310 

section  of 310 

Straven,  Ala.,  coal  from  near,  analysis  of 18, 19 

description  of 150 


Btiaven  mine  (Ala.).   See  Straven,  Aia. 
Strool,S.  Dak.,  coal  from  near,  analyais  of...     100 

description  of. 318 

Sodduth  bed,  Cola,  ooalfhmifanalysiaQL...  36,37 

description  of. 173 

Suddnth  mina  ((^a).    See   Sodduth   bed. 

Cola 
Sogarite,  N.  Max.,  ooal  from  near,  analysis  of.       58 

description  of 237,238 

Sugarite  No.  1  and  No.  2  mines  (N.  Mex.). 

See  Sogarlte,  N.  Mex. 
Sulphur  Creek  mine  (Cola),  ooal  from,  analy* 

sis  of 36 

description  of. 19S-194 

Sundance,  Wya,  ooal  from  near,  anaiyib  of.      133 

descriptloa  of. 390.391 

Sunnyside,  Utah,  ooal  from  near,  analysis 

of. IQB 

descriptkn  of 324,325,336 

Sunset  mine  ( Wyo.),  ooal  firam,  analysis  of . . .     133 

description  of. 390 

Superior,  Wyo. ,  coal  from  near,  analysis  of. .  144, 145 

descriptkn  of..'. 411,412 

Supertor  mine  (Utah),  coal  from,  analysis  of.     106 

description  of. 339 

Superior  C  mine  (Wyo.),  coal  from,  analjrsis 

of. 144,145 

description  of 412 

Susana  statkm,  W.  Va.,  coal  flrom  near,  analy- 

sbof 118,119 

description  of 360,381 

Susie,  Wyo.,  coal  firom  near,  analysis  of. 145 

des(Tiptian  of 414,415 

SykesvOle,  Pa.,  coal  from  near,  analysts  of.  98 

descriptkm  of. 302,308 

SykesvOle  mine  (Pa.).    See  Sykeevflle,  Pa. 


T. 


Tearing  Run  mine  (Pa.),  coal  rom,  analysis 

of 92,98 

description  of 301 ,  308 

Tebo  bed.  Mo.,  coal  from,  analysis  of. .  41, 46, 48, 49 

description  of 213,214,216,217,218 

Terry,  Mont,  ooal  from  near,  analysis  of —       54 

description  of. 225,236 

Thayer,  W.  Va.,  coal  from  near,  analysis  of. .      114 

description  of 351 

Thomas  mine  (Colo.),  coal  from,  analysis  of. .       23 

descripUanof 163 

Thompson  mine  (Wyo.),  ooal  Arom,  analysb 

of 139 

description  of. 402,408 

Thorp,  Wash.,  coal  from  near,  analysis  of —      106 

description  of 330 

Todd  mine  (Colo.),  coal  firom,  analysis  of —       34 

description  of 189,190 

Tolbert  A  Spiker  mine  (W.  Va.),  coal  firom, 

analysisof 138 

description  of 386 

ToUer  mine  (Colo.),  coal  fktnn,  analysis  of —       83 

descr^tknof 183,184 

Tollerburg,  Colo.    See  ToUer  mine,  Ook». 
Trenton,  N.  Dak.,  ooal  from  neer,  analysis 

of. 80 

description  of 245 


IXDEX. 


443 


Pace. 
Trenton  No.  1  mine  (Ma),  ooal  from,  analj- 

afaof 45 

descriptkmoC 213 

Troat  Creek,  Alaaka,  ooel  from  neer,  analysis 

of 21 

deecriptlon  of 186,156 

Twin  Rocks,  Pa.,  ooal  from  near,  analysis 

d. 82,88,84 

description  of. 282,283,284,286,286 

UnJonville,  Mo.,  coal  from  near,  analysis  of. .       49 

description  of. 218,219 

U.  B.  Redamatlon  Serylce  mine  (N.  Dak.), 

ooal  from,  analysis  of 60 

description  of. 246 

Upper  Banner  bed,  Va.,  coal  from,  analysis 

of. 106 

description  of. 334,336 

■ectionsof 334 

Upper  Elkhom  bed,  Ky.,  coal  from,  analysis 

of- 39,41 

description  of 204,207 

Upper  Fraeport  bed.  Pa.,  ooal  fhmi,  analysis 

of 68,60,70,71,86,92,93,94,99 

deecripUonof 259,260,261,262, 

263, 264, 266, 280, 300, 301, 302, 306, 315 

■ectionsof 259,261,262,265,290,301,306,315 

Upper  Freeport  bed,  W.  Va.,  ooal  from,  anal- 
ysis of 126,127 

description  of 377,378 

Upper  Kittanning  bed.  Pa.,  ooal  firom,  analy- 

Sisof 77,79,80,93,94,95,96,97 

description  of 275,277,278, 

279, 304, 306, 306, 307, 306, 309, 310, 311 
sections  of.  272, 275, 277, 278, 279, 304, 308, 310, 311 
Upper  Straven  bed,  Ala.,  coal  from,  analysis 

of 18,19 

description  of 150 

section  of 149 

V. 

Valler,  Mont,  ooal  tTOm  near,  analysis  of 55 

description  of 229,230 

Valley  No.  1  mine  (Pa.),  coal  from,  analysis 

of 77 

description  of 275 

VandaliaNo.  10  mine  (Ind.),  coal  from,  analy- 
sis of 37 

description  oL 199,200 

Vanderpool  prospect  (Oreg.),  coal  from,  anal- 
ysis of 67 

descript  ion  of 256, 257 

Vaughn  Bros,  prospect  (Tenn.),  coal  from, 

analysis  of. 101 

ooal  from,  description  of 321 

Venial,  Utah,  coal  from,  analysis  of 105 

description  of. 330, 33 1 

Vfbbard,  Mo.,  coal  from  near,  analysis  of 51 

descript  ion  of 220 

Vibbard  No.  1  mine  (Mo.)    See  Vibbard,  Mo. 
Viola  mine  (Pa.),  coal  from,  analysis  of 89, 90 

description  of. 296,297 

Vakan  mine  (Colo.),  coal  from,  analysis  of. .       25 

description  of 168,169 


Vnloan  No.  4  mine  (Ala.),  ooal  from,  analysis 

of 18 

description  of. 140 


W. 


Walden,  Colo.,  ooal  from  near,  analysis  of....  26,27 

description  of 172,178 

Walker  mine  (Colo.),  coal  from,  analysis  of. .       SS 

description  of 186,187 

Walker  No.  1  mine  (Mo.),  coal  from,  analysis 

of 4» 

description  of. 217 

Walsen  bed,  Colo.,  ooal  from,  analysis  of. ....  28, 29 

description  of. 177,178 

War,  W.  Va.,  coal  from  near,  analysis  of. 119 

description  of. 362,363 

War  Creek  bed,  W.  Va.,  ooal  from,  analysis 

of 117,118,119 

description  of 369,360,361,362,863 

sections  of 350,361,362,368 

War  Creek  mine  (W.  Va.),  coal  trom,  analysis 

of 119 

description  of. 862,368 

Warner's  claim  (Alaska),  ooal  from,  analysis 

of 19 

description  of. 161 

Wasatch  bed,  Utah,  ooal  from,  analysis  of. . .     106 

description  of 329,830 

Wasatch  mine  (Utah).    5m  Wasatch  bed. 
Watson  Tunnel  No.  4  (Alaska),  ooal  from, 

analysisof. 22 

description  of. 157,158 

Weir>Plttsburg  bed,  Kans.,  ooal  from,  analy- 
sis of 37 

description  of. 200,201,202 

sections  of 201,202 

Welch,  W .  Va. ,  coal  from  near,  analysis  of. . .     120 

description  of. 363,364 

Wells  Oulch  mine  (Colo.),  coal  from,  analysis 

of 24 

description  of. 166 

Wesson  mine  (Colo.),  coal  from,  analysis  of. .       35 

description  of — • ^•.     194 

Western  No.  13  mine  (Eans.),  coal  from,  anal- 
ysis of 38 

descript  i<Hi  of 201, 202 

Western  No.  16  mine  (Kans.),  coal  fnnn,  anal- 
ysis of 37 

description  of. 200, 201 

West  Fork,  Orog.,  coal  from  near,  analysis  of.  66, 67 

description  of 255,256,257 

Westmora,  Mont . ,  coal  from  near,  analysis  of.       54 

description  of. 226 

Weston  mine  (Pa.),  coal  fTOm,  analysis  of. . . .       85 

description  of. 288,289 

Westville,  111.,  coal  from  near,  analysis  of 37 

description  of. 199 

West  Wiley  mine  (Wyo.),  ooal  from,  analysis 

of 139 

description  of 402, 403 

Weyanoke,  W .  Va.,  coal  from  near,  analysis  of     126 

description  of. 876,376 

Weyanoke  No.  1  and  No.  2  mines  (W.  Va.). 
See  Weyanoke,  W.  Va. 
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Page. 
Wheelflr  bed,  Cdo.,  ooal  from,  analysis  of —       25 

description  of 160 

sections  of 160 

WMte  Ash  mine  (Colo. ),  coal  from,  analysis  of      27 

description  of. 173,174 

White  Oaks,  N.  Mez.,  coal  from  near,  analysis 

of. SO 

description  of. 230,240 

Wildcat  mine  (N.  Hex.),  coal  from,  analysis 

of. 50 

description  of 230,240 

Wiley,  Wyo.,  coal  from  near,  analysis  of 130 

description  oL 402,408 

Wilkes-Barre,  Pa.,  coal  tram  near,  analysis  of.       03 

.   description  of. 304 

Wilkeson,  Wash.,  coal  from  near,  analysis  of  100, 110 

description  of. 343,344 

Williams  mine  (Utah),  coal  from,  analysis  of. .     104 

description  of 327,328 

WilIiston,N.  Dak.,  coal  from  near,  analysis  of      60 

description  of 245 

Wilson  mine  (Wash.),  coal  from,  analysis  of. .     108 

description  of 330 

Wilson  mine  (Wyo.),  coal  from,  analysis  of. .      130 

description  of 401 

Winchester  prospect  (Utah),  coal  from,  anal- 
ysis of 105 

description  of. 331,332 

Winding  Oolf,  W.  Va.,  coal  from  near,  anal- 
ysis of 130,131 

description  of. 383,384,385 

Winding  Gulf  No.  1  and  No.  2  mines  (W. 

Va.).   5«eWindtogOulf,W.Va. 
Wlnscom  mine,  Colo.,  coal  from,  analysis  of. .       27 
description  of 173 


Wood  Bay,  W.  Va.»  ooal  from  near,  anatysfa 

of 131 

description  of 385,386 

WoodTale,  Pa.,  coal  from  near,  analysis  of. . .  90,01 

descriptionoL 298 

WoodTalemin«(Pa.).   ^ee  Woodvale,  Pa. 
Worthlngton,  W.  Va.,  coal  from  near,  anal- 
ysis of 121 

description  of 366,367 

Worthington  mine  (Idaho),  coal  from,  anal- 
ysis of 38 

descriptien  of. 196 

Y. 

Yale,  Kans.,  coal  from  near,  analysis  of 38 

description  of 201,208 

Yankee,  N.  Max.,  ooal  from  near,  analysb  d.,  56, 59 

description  of. 238,239 

Yankee  No.  3  mine  (N.  ICez.).   See  Yankee^ 

N.  Hex. 
Yeates  mine  (Va. ),  coal  from,  analysis  of. 105 

description  of. 332,333 

Young  mine  (Mont.),  coal  from,  analysis  of. .       56 

description  of. 233 

Young  Creek,  Alaska,  coal  from  near,  analysis 

of 23 

description  of. 182,1(0 

Yukon,  W.  Va.,  coal  from  near,  analysis  of.  118, 119 

description  of. 800,861 

Yukon-Pocahontas    mine    (W.    Va.).    See 
Yukon,  W.  Va. 

Z. 
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from,  analysis  of. 69 
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SOME  ENGINEERING  PROBLEMS  OF  THE  PANAMA  CANAL  IN 
THEIR  REUTION  TO  GEOLOGY  AND  TOPOGRAPHY. 


By  Donald  F.  MacDonald. 


INTRODUCTION. 

This  report  aims  to  discuss,  from  the  viewpoint  of  the  mining 
geologist,  the  bearing  of  topographic  and  geologic  conditions  on  cer- 
tain problems  that  arose  in  the  construction  of  the  Panama  Canal. 
It  is  published  by  the  Bureau  of  Mines  as  a  contribution  to  engineer- 
ing literature  because  it  presents  information  that  shows  how  geology 
and  topography  must  be  considered  by  the  mining  engineer  in  plan- 
ning excavations  and  in  removing  loose  material  and  solid  rock  in 
the  safest  and  most  efficient  manner. 

The  printing  of  this  bulletin  has  been  approved  by  the  governor  of 
the  Panama  Canal,  as  it  was  impracticable  for  the  Panama  Canal  to 
give  this  information  to  the  general  public  in  any  of  its  publications. 

The  "sword  cut"  of  Goethals  and  his  men  did  not  sever  the  Isth- 
mian barrier;  it  merely  dove  the  hills  to  a  depth  of  40  feet  above 
sea  level.  This  cut  and  the  great  areas  of  low  valleys  at  both  ends 
of  it  have  been  covered  with  fresh  water  to  the  85-foot  level.  This 
high-level  lake  held  by  dams  at  either  end,  the  85-foot  locks,  by 
which  ships  enter  it,  and  the  dredged  approaches  from  the  two  oceans 
constitute  the  Panama  Canal. 

In  the  preparation  of  accxwate  estimates  concerning  the  cost  of  large 
excavations  information  regarding  the  geologic  conditions,  as  obtained 
by  a  study  of  natural  features,  is  necessary.  Drill  holes  and  test  pits 
will  furnish  supplementary  geologic  information,  but  without  a  gen- 
eral knowledge  of  the  geologic  conditions  it  wUl  not  be  possible  for 
the  constructing  engineer  to  answer  such  questions  as  the  following: 

(1)  What  rock  units  will  be  encoimt^red  in  the  excavation  and  in 
what  proportion?  (2)  What  will  be  the  cost  of  drilling  each  for 
blasting  ?  (3)  How  far  apart  and  how  deep  must  the  drill  holes  be  to 
efficiently  break  the  rock  of  each  to  the  proper  size — ^not  too  fine  nor 
yet  too  coarse?  In  this  connection  jointing,  fissuring,  bedding, 
toughness,  and  other  physical  characteristics  must  be  considered 
(4)  How  steep  will  the  slopes  of  the  excavation  stand,  and  to  what 
extent  will  they  wash  and  trench  on  exposure  to  the  atmosphere? 
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(5)  What  proportion  of  the  material  to  be  excavated  is  of  such  phys- 
ical character  that  it  may  be  utilized  in  any  other  part  of  the  project, 
such  as  in  concrete  construction,  road  maldng,  wharves,  breakwaters, 
riprap  work,  etc.  ? 

ACKNOWLEDGMENTS. 

The  first  work  of  considerable  scope  bearmg  on  isthmian  geology 
was  that  of  Hill «  m  1895. 

In  1899  Bertrand  and  Zurcher^  published  a  brief  report  on  the 
geology  of  the  Isthmus  for  the  New  French  Company  (Compagnie 
Nouvelle  du  Canal  de  Panam&). 

In  July,  1906,  Howe  *  was  sent  to  the  Isthmus  by  the  new  American 
canal  commission  to  report  on  such  phases  of  engineering  geology  as 
lock  and  dam  foimdations  and  the  natural  resources  of  the  country. 
Again,  from  January  to  April,  1907,  he  spent  some  time  on  the  Canal 
Zone.  His  reports  are  most  interesting.  Other  publications  bearing 
on  isthmian  geology  are  lifted  in  the  bibliography  given  at  the  end 
of  this  bulletin.  Hill,  Howe,  and  the  earlier  workers  must  be  con- 
gratulated on  the  results  they  obtained,  in  view  of  the  shortness  of 
the  time  at  their  disposal,  the  few  and  small  excavations  then  made, 
the  thick  soil,  and  the  jungle  that  obscured  much  of  the  land  at  that 
time. 

In  1910,  as  Culebra  Cut  was  deepened,  great  masses  of  earth  and 
rock  began  to  crush  down  from  its  slopes.  It  was  thought  well  to 
have  these  and  other  phases  of  the  work  that  had  a  geological  bear- 
ing studied  by  a  geologist.  To  make  recommendations  on  this  ques- 
tion C.  W.  Hayes,^  then  chief  geologist  of  the  United  States  Geo- 
logical Survey,  was,  at  the  instance  of  the  Secretary  of  War  and 
Secretary  of  the  Interior,  sent  to  the  Canal  Zone.  He  realized  that 
certain  geological  principles  underlay  the  slides  and  recommended 
that  a  geologist  be  appointed  to  study  them. 

For  this  work  the  writer,  who  had  been  assistant  geologist  of  the 
United  States  Geological  Survey,  was  sent  to  the  Isthmus,  January, 
1911,  as  geologist  to  the  Isthmian  Canal  Commission.  To  this  com- 
mission and  to  members  of  the  engineering  sta£f,  but  particularly  to 
Col.  George  W.  Goethals,  chairman  and  chief  engineer,  the  writer  is 
indebted  for  wide  opportunity  to  make  geological  studies  and  for 
suggestion  and  interest  in  results. 

aHIll,  R.  T.,  Geological  history  of  the  Isthmus  of  Panama  and  portions  of  Costa  Rica:  Bull.  Museum 
Comparative  Zoology  of  Uarvard  College,  vol.  28, 1808. 

h  Bertrand,  M.,  and  Zurcher,  P.,  £tude  gtelogique  sur  llsthme  de  Panama;  Rapport  de  la  Commission. 
Compagnie  Nouvelle  du  Canal  de  Panama,  vol.  1, 1809,  pp.  85-120. 

c  Ilowe,  Ernest,  Canal  Commission  Ann.  Report  1007,  Appendix  E,  pp.  10^138;  Isthmian  geology  of 
the  Panama  Canal:  Econ.  Geol.,  vol.  2, 1907,  pp.  639-458;  Geology  of  the  Isthmus  of  Panama:  Am.  Jour. 
8d.,  vol.  26,  ser.  4, 1908,  pp.  212-237. 

d  Hayes,  C.  W.,  Notes  on  the  geology  and  slides  of  Culebra  Cut:  Canal  Record,  voL  4,  Dec.  7, 1010,  p.  115. 
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REIiATTOX  OP  DIFFERENT  FACTORS   TO  ENOINEERINO 

PROBLEMS. 

TOPOGRAPHIC  TYPES. 

What  topographic  conditions  confronted  the  builders  of  the  Panama 
Canal?  The  surface  configurations  of  that  part  of  the  Isthmian 
land  barrier  that  is  within  the  Canal  Zone  fall  under  two  chief  types. 
They  are:  (1)  The  hill  type  of  topography,  developed  in  the  interior 
and  locally  on  the  Pacific  side  and  consisting  chiefly  of  irregular 
angular  hills,  short  ridges,  and  crooked  imsymmetrical  valleys  and 
basins  (Pis.  I  and  II);  and  (2)  the  coastal-plain  type,  developed  as 
low  hills  and  swampy  flats  in  the  vicinity  of  Colon  and  locally  on  the 
Panama  side  (PI.  Ill) 

HILL   TYPE. 

The  hill  type  of  topography  is  well  developed  in  the  central  and 
southern  parts  of  the  Canal  Zone.  Cerro  Gorda,  near  Culebra,  and 
Cerro  Balboa,  near  the  old  site  of  Gorgona,  stand  approximately 
1,000  feet  above  sea  level,  and  below  this  elevation  are  many  lesser 
peaks.  Seen  from  a  position  of  commanding  view,  this  topography 
is  most  striking  in  its  irregularity  and  presents  some  likeness,  in  its 
green  jungle-covered  irregular  hilb  and  hollows,  to  enormous  cross 
waves  at  sea.  It  is  a  type  of  land  form  not  uncommon  in  the  Repub- 
lic of  Panama. 

Now,  what  relation  does  this  type  of  topography  have  to  canal 
construction?  In  building  the  Panama  Railroad  and  in  building 
some  of  the  dirt-train  and  other  branch  lines  connected  with  canal 
construction  the  numerous  hills  had,  of  course,  to  be  avoided,  with 
the  result  that  the  sinuosity  of  the  tracks  added  difficulties  both  to 
their  construction  and  operation.  The  new  line  of  the  Panama  Rail- 
road is  relatively  little  curved,  but  it  encountered  some  heavy  cuts 
and  fills.  The  canal  passes  between  Gold  Hill,  662  feet  high,  and 
Contractors  Hill,  450  feet  high,  and  a  part  of  each  had  to  be  removed 
in  the  digging  of  Culebra  Cut,  thus  adding  to  the  amoimt  of  excava- 
tion. Conditions  had  to  be  studied  in  choosing  the  route,  so  as  to 
strike  the  proper  balance  between  minimxun  excavation  and  minimum 
curvature  of  the-canal  channel.  On  the  other  hand,  most  of  the  hills 
are  composed  of  tough  hard  rock  which  could  not  readily  be  worn 
away  and  cut  into  valleys  by  the  streams.  This  stronger  rock  forms 
Gold  and  Contractors  Hills,  and  these  are  strengthening  pillars  which 
hold  back  sUdes  of  weaker  rocks.  Ancon  Hill,  another  high  point  of 
hard  rock,  furnished  a  convenient  quarry  for  stone  to  be  crushed  and 
used  in  the  concrete  of  the  Pacific  locks.  The  height  and  steepness  of 
Ancon  Hill  is  such  that  the  whole  rock  product  could  be  handled 
by  gravity  from  the  quarry,  through  the  crushing  plant,  and  then 
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into  cars.  The  site  of  another  quarry  near  Frijoles  was  fibrst  picked 
out  by  the  writer  from  a  raihroad  train  because  of  its  steep  ridge- 
like topographic  expression.  On  further  exploration  the  ridge 
was  found  to  be  composed  of  basalt,  but  the  rock  was  a  little  too 
much  jointed  for  the  desired  use,  the  facing  of  a  breakwater.  The 
hills  and  higher  areas,  because  of  their  steep  slopes,  contain  no  stag- 
nant water  in  which  mosquitoes  and  other  pests  can  breed,  and  have 
good  drainage,  hence,  where  convenient,  they  were  utilized  as  camp 
sites.  By  clearing  the  jungle  cover  off  the  tops  of  the  higher  hiUs 
they  became  convenient  triangulation  stations  for  the  surveys  of  the 
Canal  Zone.  Plate  IV  indicates  the  location  and  area  of  the  hilly 
region,  which  is  practically  coextensive  with  the  areas  of  igneoiis 
rocks,  and  Plates  I  and  II  convey  some  idea  of  its  character. 

COASTAL-PLAIN   TYPE. 

Coastal  plains  locally  border  both  the  Atlantic  and  the  Pacific 
coasts  of  Central  America.  In  the  Canal  Zone  this  type  of  land  fonn 
is  principally  on  the  Atlantic  side  and  comprises  five  kinds  of  subtypes. 
They  are:  (1)  Coastal  swamps,  of  considerable  depth,  composed  of 
soft  dark  mud  and  organic  matter,  and  inland  swamps  and  alluvial 
basins;  (2)  coral  reefs,  awash  at  half  tide,  and  coral  flats,  composed 
largely  of  coral  dfibris,  slightly  above  high-tide  level;  (3)  river  flats 
of  alluvium  in  the  lower  valleys;  (4)  bars  at  and  near  the  mouths  of 
rivers,  beaches,  sand  spits,  etc. ;  (5)  seaward-tilted  relatively  smooth 
plains,  low  hills,  and  higher  dissected  remnants  of  former  plains. 
A  discussion  of  the  origin  of  the  land  forms  of  the  isthmian  region 
is  not  within  the  scope  of  this  report. 

The  first  practical  relation  between  the  engineering  work  and  this 
type  of  topography  was  the  great  difficulty  of  making  surveys  through 
the  unhealthf  ul  black-mud  and  green-water  swamps.  Next  came  the 
construction  of  the  Panama  Railroad  Unes  across  the  swamps.  A 
feature  of  this  construction  was  the  necessity  of  vast  fills  with  wide 
bases.  The  extra  width  was  to  obviate  the  sinking  of  the  fill,  with 
accompanying  bulging  of  the  swamp  material  on  either  side  of  the 
sunken  part.  iVnother  most  important  matter  was  the  building  up 
of  a  groat  coral  flat  from  its  original  high-tide  level  to  3  or  4  feet 
above,  in  order  to  furnish  a  site  for  the  town  of  Colon  and  the  Atlantic 
terminal  plant  of  the  canal  and  the  Panama  Railroad.  On  the  other 
hand,  the  flats  formed  mostly  of  coral  dfibris,  imlike  the  swamps, 
presented  a  solid  foundation  on  which  to  dtunp  spoil,  and  thus  to 
build  up  and  prepare  a  soUd  base  for  the  town.  The  low  mud  swamps 
and  river  alluvium  greatly  facihtated  the  dredging  of  the  approach 
channels  to  both  the  Atlantic  and  the  Pacific  locks. 
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CLIMATB. 

In  computing  the  cost  of  any  engineering  project  due  weight  should 
be  given  to  the  effect  of  climatic  conditions  on  labor  efficiency  and 
also  on  construction  plans. 

RANGE   OF  TEMPERATURE. 

The  Canal  Zone  has  a  moist  tropical  climate,  modified  by  oceanic 
conditions,  and  therefore  showing  little  yearly  and  daily  variation  of 
temperature.  The  nightly  average  is  71®  and  the  daily  about  85®  F. 
The  daily  range  of  temperature  is  greatest  in  the  dry  season,  for  then 
there  are  few  clouds  to  obscure  the  sun's  heat  in  the  day  or  to  absorb 
and  reflect  the  radiation  from  the  earth  at  night.  The  highest  re- 
corded temperature  over  a  number  of  years  is  97°  F.,  observed  at 
Ancon  February  13,  1906,  and  the  lowest  59°  F.,  observed  at  Bas 
Obispo  February  9,  1907. 

RAINFALL. 

On  the  Canal  Zone  there  are  two  seasons — one  short  and  relatively 
dry,  the  other  long  and  wet.  The  dry  months  are  January  to  April, 
inclusive;  the  other  months  are  wet.  The  wettest  period  is  from 
September  to  December.  Most  of  the  rain  falls  during  the  day,  be- 
tween 10  a.  m.  and  4  p.  m.,  but  may  fall  at  any  time.  The  average 
yearly  precipitation  over  a  number  of  years  for  Panama  is  as  follows: 
Ancon  or  Panama  City  (Pacific  side),  71  inches;  Culebra,  90  inches; 
Monte  lirio,  135  inches;  Colon,  129  inches;  Porto  Bello,  170  inches. 

Tropical  conditions  generally  add  to  the  cost  of  engineering  work, 
from  causes  as  follows:  (1)  Inefficiency  of  native  labor;  (2)  ineffi- 
ciency of  imported  labor  working  under  tropical  conditions;  (3)  cost 
of  sanitation;  (4)  loss  of  time  during  heavy  rains;  and  (5)  hindrance 
to  engineering  works  through  floods,  etc.  These  factors  added  many 
million  dollars  to  the  cost  of  the  canal.  They  are  all  discussed  at 
some  length  in  the  annual  reports  of  the  Isthmian  Canal  Commission. 

AOBICTTXTTTBAIi  AND  FOBBST  PBODTJCTB. 

The  question  of  subsistence  for  the  vast  army  of  canal  employees 
was,  of  course,  a  vital  one.  It  was  foimd  that  American  vegetables 
could  not  be  profitably  grown  in  the  Canal  Zone.  In  fact,  most  of 
them,  as  well  as  oats,  wheat,  barley,  and  most  kinds  of  American 
grasses,  could  scarcely  be  grown  at  aU.  Hence,  these  products  were 
imported  from  the  United  States.  A  great  cold-storage  plant  was 
established  at  Colon,  with  smaller  distribution  plants  along  the  zone. 
In  this  way  fresh  meats,  vegetables,  and  fruits  were  brought  in  and 
distributed  in  prime  condition.  The  inventors  of  canned  goods  and 
cold  storage  were  certainly  heavy  contributors  to  the  campaign  of 
canal  construction. 
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The  hill  land  of  the  Canal  Zone  will  never  have  much  agricultural 
value,  even  for  tropical  products,  because  of  the  steepness  of  the 
slopes  and  the  shallowness  of  the  soil.  The  steep  land  if  cultivated 
would  wash  rapidly  in  the  heavy  tropical  rains  of  that  region.  A 
subsequent  discussion  of  the  effect  of  streams  brings  out  the  fact  that 
erosion  took  place  in  the  upper  parts  of  stream  valleys,  whereas 
deposition  of  gravel,  sand,  and  silt  was  the  dominant  process  in  the 
lower  ends.  Now,  in  nearly  all  countries  the  broad  flood  plains  that 
have  been  built  by  deposition  of  rich  silty  soil  are  especially  adapted 
for  agriculture.  The  flood  plains  of  the  Chagres,  Trinidad,  and  Gatun 
Rivers  contained  much  rich  land  suitable  for  growing  bananas, 
tobacco,  and  sugar  cane.  However,  they  also  contained  pools  of 
stagnant  water  that  afforded  breeding  places  for  mosquitoes  and  other 
pests,  and  hence  were  considerably  more  unhealthful  than  the  higher 
groimd.  Much  of  this  alluvial  land  has  now  been  covered  by  Gatun 
Lake,  and  what  remains  will  probably  never  have  value  conunen- 
surate  with  its  richness  of  soil  because  of  the  depressing  climate  and 
the  malarial  conditions  that  prevail. 

Most  of  the  timber  within  the  Canal  Zone  was  cut  years  ago,  so 
that  nearly  all  the  lumber  needed  for  building  the  "construction- 
camp"  towns  had  to  be  imported.  Some  of  the  ties  for  the  Panama 
Railroad  were  made  by  natives  from  extremely  resistant  native 
woods,  such  as  guyacan  (or  false  lignimi-vitae)  and  nfspero,  or 
balata  tree  {Mimusops  darinensis  Pittier).  The  name,  however,  is 
also  appUed  to  other  trees  of  the  same  family.  For  making  dugout 
canoes  the  natives  use  chiefly  espav6  (Aruicardium  rJiinocarpus  D.  C), 
cedro,  or  Spanish  cedar  (Cedrela  sp.  pL),  and  pochote  (Bombax 
Barrigon  Seem.).  In  general,  the  forests  were  more  of  a  hindrance  to 
the  work  than  otherwise,  for  they  formed  a  thick  jungle  through 
which  many  survey  lines  had  to  be  cut  and  clearings  made  for  roads, 
trails,  reservoirs,  and  town  sites. 

STBEAMS. 

The  heavy  precipitation  is  evidence  that  the  country  must  be 
well  watered.  The  Chagres,  which  flows  for  a  part  of  its  course 
through  the  Canal  Zone,  is  the  chief  stream  (see  H.  IV).  It  has  a 
relatively  large  catchment  basin,  the  slopes  of  which  are  locally 
steep ;  hence  during  heavy  rains  the  volume  of  its  flow  is  vastly 
increased,  only  to  shrink  greatly  during  the  dry  season.  Trickling 
streams  swell  into  destructive  torrents  after  long  and  heavy  rains. 
The  percentage  of  absorption  during  the  wet  season  is  relatively 
small  because  the  covering  of  porous  soil,  especially  on  the  higher 
land  and  steep  slopes,  is  very  thin,  and  most  of  the  rocks,  except 
the  river  alluvium  and  gravels,  the  conglomerates,  and  sandstones, 
are  exceedingly  flne  grained  and  have  relatively  Uttle  pore  space  or 
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water-containing  capacity.  Then,  too,  the  rainfall  is  so  heavy  that  the 
ground  is  soon  saturated  and  the  percentage  of  run-off  becomes  high. 

The  streams  on  their  way  to  the  ocean  pass  through  three  general 
stages  of  size  and  activity.  In  the  first  stage  the  stream  is  small 
and  flows  swiftly  down  the  gradient  of  a  steep  valley,  carrying  along 
bits  of  soil  and  rock  from  the  surface  over  which  it  passes.  In  the 
second  stage  the  stream  is  less  swift  but  much  larger,  having  been 
reinforced  by  many  smaller  influents.  Because  of  its  greater  volume 
its  carrying  capacity  is  greater,  and  bowlders,  cobbles,  and  gravel 
are  roUed  along  its  bottom,  grinding  each  other  as  they  go,  and 
thus  manufacturing  finer  and  more  easily  transported  material. 
The  tUrd  and  last  stage  is  that  in  which  the  stream  flows  through  a 
wider,  flat,  and  almost  base-leveled  valley,  on  the  last  course  of  its 
oceanward  journey.  The  water  now  moves  with  comparative  slow- 
ness, hence  can  carry  only  the  finest  sediments  and  is  forced  to 
deposit  part  of  its  load. 

The  wide  lower  part  of  a  stream  valley  is  generally  called  a  flood 
plain,  for  it  is  flooded  during  very  high  water  and  receives  a  small 
building-up  increment  of  sediment  from  each  flood.  The  heaviest 
deposition  of  sediment  is  along  the  line  where  the  river  overflows  its 
banks,  because  the  current  is  materially  slowed  down  along  this  line. 
The  groimd  is  therefore  built  up  higher  near  the  river  bank,  and  in 
this  way  what  are  termed  "natural  levees''  are  formed.  The  finer 
sediment  is  often  held  in  suspension  until  the  river  current  is  checked 
when  it  reaches  the  sea.  The  sediment  then,  if  not  carried  away  by 
tidal  currents,  falls  to  the  bottom  at  or  near  the  river  mouth  to  form 
bars  or  shiDals. 

RELATION   OF   STREAMS   TO   CANAL  CONSTRUCTION. 

The  streaios  of  the  Canal  Zone  have  a  most  vital  relation  to  the 
canal,  because  they  furnish  the  water  to  fill  the  dammed-in  part  of 
the  waterway  between  the  locks  (see  PI.  IV).  Without  the  streams 
only  a  sea-level  canal  would  be  possible.  The  damming  of  the 
streams  originated  Gatun  Lake  and  caused  the  backwater  to  fill 
Culebra  Cut  to  navigable  depth.  The  waste  water  from  Gatun 
Lake  will  operate  an  immense  hydroelectric  plant  which  is  to  supply 
the  whole  Canal  Zone  with  light  and  electric  power,  and  is  to  be  used 
to  electrify  the  Panama  Railroad.  In  the  building  of  the  railroad, 
roads,  etc.,  and  in  some  of  the  concrete  construction  and  other 
work  incidental  to  canal  construction,  it  was  found  that  gravel  served 
the  purpose  almost  as  well  as  crushed  rock  and  was  much  cheaper. 

The  general  method  by  which  streams  roll  rock  fragments  and 
bowlders  along  their  bottom  in  their  swifter  upper  courses  and  gradu- 
ally grind  them  into  gravel,  and  how  they  deposit  the  gravel  where 
their  velocity  slows  down  somewhat  and  carry  the  finer  silts  down  to 
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thoir  flood  plains  and  to  their  mouths  has  abeady  been  discussed. 
The  streams  may,  therefore,  be  looked  upon  as  great  gravel  and  silt 
manufacturing  and  sorting  plants.  They,  of  course,  turn  out  and 
classify  material  vastly  cheaper  than  the  rock-crushing  plants  can. 
The  Gamboa  Bridge  of  the  Panama  Railroad  crosses  the  Chagres 
River  well  above  the  normal  flood  plain,  in  the  gravel-dumping  zone 
of  the  river,  and  hence  is  convenient  to  bars  of  good  ballast  and  gravd 
for  construction  work.  In  this  important  item  the  streams  con- 
tributed directly  to  the  construction  of  the  canal.  On  the  other 
hand,  because  of  the  Uability  to  floods  in  the  streams,  it  has  been 
necessary  to  have  the  bridges  spanning  them  extra  strong,  and  there- 
fore more  expensive. 

VAIXBYS. 

When  water  flows  over  a  land  surface  it  follows  the  line  of  least 
resistance,  not  only  so  far  as  the  gradient  is  concerned,  but  also  in 
respect  to  the  ease  with  which  it  may  erode  a  channel  for  itself  in 
the  material  over  which  it  passes.  It  thus  tends  to  do  minimum 
erosive  work  on  the  resistant  areas  of  rock,  so  that  in  time  these 
are  left  as  remnants  or  hills  between  the  streams.  The  softer  rocks, 
being  more  susceptible  to  stream  erosion,  become  the  sites  of  valleys. 
In  this  way,  through  geologic  time,  the  Obispo  River  and  its  tribu- 
taries kept  wearing  down  the  drainage  outlet  from  the  Culebra  Basin, 
thus  lessening  the  excavation  work  necessary  for  the  future  Culebra 
Cut.  The  Chagres,  the  Gatim,  the  Trinidad,  and  their  tributaries 
kept  excavating  valleys  that  are  now  the  site  of  the  great  Gatim  Lake. 
The  Rio  Grande  River  Valley  and  its  tributary  valleys  were  utilized, 
for  these  streams  had  centuries  ago  begun  the  excavation  of  what 
man  has  now  elaborated  into  the  south  end  of  Culebra  Cut,  the 
Miraflores  Lake,  the  terminal  port,  and  the  dredged  out  approaches 
to  the  locks  on  the  Pacific  side.  Not  only  in  the  making  of  the  canal, 
but  in  the  building  of  the  railway  lines,  the  water  and  sewage  systems, 
etc.,  the  valleys  were  utiUzed  as  far  as  possible. 

BAYS,  HABBOBB,  AND  SHORE  CONDITIONS. 

Several  features  of  the  bays  and  harbors  of  the  Canal  Zone  have 
involved  engineering  problems.  Of  these  the  relative  shallowness  of 
Colon  and  Panama  Bays  and  the  natural  exposure  of  Colon  Bay  to 
northerly  winds,  and  the  Pacific  entrance  of  the  canal  to  southerly 
winds  are  the  most  important.  In  order  to  make  these  bays  more 
sheltered  and  safe  for  ships,  great  breakwaters  have  had  to  be  built. 

Now  come  such  practical  questions  as:  Are  Colon  and  Panama  Bays 
likely  to  grow  more  shallow  so  that  much  dredging  will  be  necessary 
to  keep  them  navigable,  or  will  the  ship  channels  in  them  gradually 
become  deeper  from  tides  aiid  shoro  currents?    It  might  also  be 
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asked  why  Panama  and  Colon  Bays  are  relatively  shallow,  whereas 
Porto  Bello  Harbor,  not  far  distant,  is  about  60  feet  deeper. 

The  shallow  bays  are  the  sUghtly  submerged  margins  of  the  adjoin- 
ing flat  shore  area.  In  relatively  recent  geologic  time  (Pleistocene) 
these  bay  areas  were  dry  land.  Approximately,  the  same  gentle 
seaward  slope  of  the  land  is  maintained  below  the  water  level  of 
Colon  Bay  out  to  the  edge  of  the  continental  shelf  as  occurs  above  it, 
except  for  the  marginal  coral  reefs  and  flats  that  form  a  wedge-shaped 
fringe  around  the  present  shore  line.  This  fringe  of  limy  rock  and 
coral  is  about  35  feet  thick  at  its  outer  edge  and  rests  on  the  normal 
rock  bottom.  It  locally  presents  an  abrupt  face  to  the  sea  and  its 
outward  margin  is  a  few  feet  below  high-tide  level.  There  are  also 
a  few  low  headlands  with  steep  slopes  formed  by  the  erosive  action 
of  sea  waves  on  some  of  the  points  of  higher  land.  Toro  Point,  50  to 
60  feet  above  sea  level,  is  one  of  these. 

The  land  surrounding  Porto  Bello  harbor  is  steep  and  moimtainous, 
and  its  slopes  continue  relatively  steep  down  to  the  flat  bottom  of  the 
harbor  about  90  feet  below  the  surface  of  the  water.  In  the  upper 
end  of  this  harbor,  however,  considerable  silt  has  been  dumped  by 
streams.  Two  other  factors  have  made  both  Panama  and  Colon  Bays 
more  shallow,  while  they  have  had  relatively  little  effect  on  the  deep 
harbor  of  Porto  Bello .  They  are :  ( 1 )  During  the  rainy  season  all  streams 
are  swollen  to  great  size,  and  they  come  down  red  and  mud-colored 
from  their  load  of  sediment.  When  they  reach  the  ocean  the  sedi- 
ment is  deposited,  as  abeady  explained,  and  each  year  a  thin  layer  of 
silt  is  left  on  the  bottom  of  the  bay  into  which  they  empty.  In  the 
time  since  this  process  began  enough  silt  has  been  deposited  to  make 
the  water  considerably  shallower.  (2)  In  very  recent  geologic  time 
the  whole  land  mass  has  risen,  as  proven  by  old  beach  marks  of  fresh 
appearance,  which,  near  Colon,  are  about  6  feet  above  sea  level,  and 
on  the  Panama  side  are  a  little  higher.  This  rising  has  lef tColon  Bay 
about  1  fathom  and  Panama  Bay  more  than  a  fathom  shallower  than 
they  were  previously.  This  recent  rise  of  isthmian  land,  which  reached 
a  maximum  of  about  30  feet  in  Los  Santos  Province,  probably  took 
place  within  the  last  1,000  years,  according  to  evidence  in  hand.  In 
fact,  it  may  have  been  partly  accomplished  since  Columbus's  ships 
first  plowed  the  waters  of  Colon  Bay  in  October,  1502. 

The  Rio  Grande  River  and  its  tributaries  do  not  now  enter  Panama 
Bay  except  as  overflow  from  the  new  Miraflores  Lake.  This  lake  acts 
as  a  settling  tank  and  thus  considerably  reduces  the  sedimentation 
in  the  bay.  Sedimentation  in  the  Colon  Bay  is  not  now  nearly  so 
active  as  formerly,  because  much  of  the  land  around  the  bay  is  nearly 
worn  to  base  level.  On  the  other  hand,  the  land  is,  very  probably, 
still  slowly  rising,  and  if  so  the  harbors  and  the  approaches  to  both 
locks  are  still  being  slightly  decreased  in  depth.     The  rise,  if  any, 
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must  be  so  slow  that  a  little  dredging  will  easily  take  care  of  it. 
Then,  again,  the  rise  may  stop  or  sinking  may  begin  at  any  time. 
Tidal  currents  tend  to  fill  in  the  channels  at  many  places  in  the 
bays,  but  dredging  easily  keeps  them  clear,  especially  as  the  silt 
brought  in  is  very  fine. 

GENERAL  GEOLOGY  OF  THE  CANAL  ZONE  IN  ITS  ENGI- 
NEERING RELATIONS. 

GENEBAL  ENGINEEBINa  BELATIOKS. 

Within  the  Canal  Zone  there  are  many  different  kinds  of  rock. 
Many  of  the  rock  units,  however,  occupy  relatively  small  areas,  so 
that  any  considerable  excavation  may  pass  through  several  of  them. 
Most  of  the  Canal  Zone  types  can  be  included  in  11  different  groups 
of  bedded  and  noncrystalline  formations  and  6  different  groups  of 
igneous  or  crystalline  rocks.  Each  rock  unit,  however,  may  vary 
considerably  from  place  to  place,  especially  in  such  physical  char- 
acteristics as  shearing,  jointing,  texture,  and  hardness.  They  all 
differ  somewhat  in  age,  in  character  of  material,  and  in  origin.  Figure 
1  shows  a  general  geologic  section  across  the  Isthmus,  showing  the 
different  formations  between  the  Atlantic  and  the  Pacific  shores. 
Figiu'e  2  shows  the  rock  succession  in  the  Canal  2iOne. 

All  of  the  rock  descriptions  following  have  a  bearing  on  the  engi- 
neering work,  especially  on  the  excavation  methods  used  in  Culebra 
Cut.  Each  description  is  followed  by  a  discussion  of  the  practical 
considerations  that  particidarly  apply  to  that  formation.  However, 
the  general  phases  of  practical  interest  are  simmied  up  first. 

The  cost  of  breaking  any  rock  for  excavation  depends  on  three 
chief  factors,  which  are:  (1)  The  hardness  of  the  rock  and  its  resist- 
ance to  drilling;  (2)  the  minimum  size  to  which  it  must  be  broken 
to  give  greatest  efficiency  of  residts  in  handling;  and  (3)  the  tenacity 
or  resistance  to  breakage  of  large  masses  of  the  material. 

If  the  rock  is  hard  the  cost  of  drilling  is  increased  not  only  by  the 
longer  time  required  but  also  by  the  larger  cost  of  sharpening  drills, 
greater  drill  breakage,  more  frequent  delay  from  drill  bits  sticking 
and  from  broken  drill  points  obstructing  and  sometimes  necessitating 
the  abandonment  of  the  holes,  and  easier  deflection  of  the  drill  hole 
if  it  crosses  at  an  acute  angle  an  open  joint  or  fracture  zone  containing 
soft  or  crushed  rock. 

The  degree  of  smallness  to  which  the  rock  must  be  broken  depends 
chiefly  on  the  size  that  gives  greatest  economy  in  handling  consistent 
with  the  capacity  of  the  excavating  machinery  and  the  use,  if  any, 
to  which  the  material  is  to  be  put.  A  steam  shovel  with  a  dipper  of 
4  or  5  cubic  yards  capacity  can  pick  up,  balance,  and  dump  on  a 
railway  car  a  bowlder  weighing  several  tons.     The  most  economical 
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size  to  which  the  material  should  be  broken  ordinarily  has  to  be 
determined  by  experiment. 

The  resistance  of  large  masses  of  relatively  hard  rock  depends 
not  nearly  so  much  on  the  tenacity  of  the  solid  rock  as  on  the  extent 
to  which  it  is  cut  by  natural  joint,  bedding,  and  shear  planes.  If  it 
were  desired  to  have  the  maximum  size  of  the  fragments  not  more,  say, 
than  1  cubic  yard,  and  if  the  joints  happened  to  be  well  developed 
more  or  less  at  right  angles  to  each  other  and  so  spaced  that  they 
divided  the  rock  mass  into  fragments  of  not  more  than  a  cubic  yard 
each,  then  the  holes  woidd  not  need  to  be  so  closely  spaced  and  the 
charges  could  be  much  lighter  to  give  the  desired  effect  than  if  the 
joint  planes  were  2  or  3  yards  apart  or  absent.  If  the  material 
excavated  is  to  be  crushed  and  used  for  road  making  or  concrete 
work,  a  high  amount  of  jointing  and  Assuring  lessens  the  amount  of 
crushing  necessary  and  greatly  cheapens  the  cost  of  the  product.  On 
the  other  hand,  if  great  coarse  fragments  are  needed  for  armoring  a 
breakwater  against  sea  waves  or  an  embankment  against  river  cur- 
rents, much  jointing  spoils  any  rock  for  such  purposes,  however 
suitable  it  may  otherwise  be.  Soft  argillaceous  rocks  with  Uttle 
tenacity  are  easily  and  cheaply  drilled,  and  some  such  rocks  on  the 
Canal  Zone  were  locally  bored  with  augers.  The  holes  in  rock  of 
this  kind  may  be  much  farther  apart  and  the  explosive  used  may 
be  a  cheaper,  lower  grade  and  a  slower  acting  one  than  woidd  be 
required  in  hard  rock. 

BOCK  FOBMATIONS  AND  SFBCIFIC  ENGINEEItlNa  RELATIONS. 

HAS   OBISPO  FORMATION. 

The  Bas  Obispo  formation  is  the  oldest  isthmian  formation,  so  far 
as  is  known,  and  is  probably  of  pre-Tertiary  age.  It  was  formed  of 
rock  fragments  and  ash  blown  from  old  volcanic  vents.  The  debris 
settled  over  the  surrounding  region  and  was  subsequently  cemented 
into  fairly  hard  rock  by  the  slow-acting  processes  of  rock  cementation. 
Locally  it  shows  some  rough  bedding  and  some  rounded  water-worn 
fragments.  In  composition  it  belongs  to  the  group  of  rocks  called 
andesites,  and  technically  woidd  be  classed  as  an  andesitic  breccia. 
It  outcrops  extensively  at  Bas  Obispo  and  near  old  Panama,  and 
smaU  outcrops  rise  above  the  alluvium  near  Miraflores  and  Diablo 
Ridge. 

About  7,000  feet  of  the  north  end  of  Culebra  Cut  has  been  exca- 
vated in  this  formation.  It  is  relatively  hard  and  tenacious,  except 
locally  where  it  has  been  sheared  by  faulting.  These  locally  faulted 
places  have  let  down  some  masses  and  fragments  of  loose  rock;  but 
these  were  relatively  unimportant  as  slides.    On  the  whole,  this 
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material  has  stood  fairly  weU  at  steep  angles  and  will  continue  to  do 
so.  In  blasting  it  broke  out  in  relatively  large  fragments  and  did 
not  readily  weather  or  wash;  so  the  excavated  material  from  this 
section  of  the  cut  was  in  greater  demand  for  fills  and  dams,  for  which 
maximum  stability  was  necessary,  than  the  softer  and  more  friable 
rock. 

LAS   GASGADAS   AGGLOMERATE. 

The  Las  Cascadas  agglomerate  also  had  its  origin  in  fragmental 
rock  material  blown  from  volcanic  vents  and  later  washed  down  into 
different  beds  and  masses.  It  rests  uncomf ormably  on  the  Bas  Obispo 
formation,  is  much  less  consolidated  and  cemented  than  the  latter, 
and  is  of  much  more  recent  origin.  It  is  a  greenish  to  gray,  basic 
agglomerate,  which  contains  large  and  small  subangular  fragments 
in  a  fine-grained  groundmass  of  volcanic  clay  and  tuff  (PI.  V).  The 
whole  is  arranged  in  massive  to  roughly  bedded  deposits,  often 
unconformable  with  each  other.  Interbedded  with  these  deposits 
are  andesitic  flow-breccias,  some  fine-grained  grayish  and  some 
coarse-grained  dark  andesitic  flows,  and  a  few  easily  crumbled  lava- 
mud  flows  which  show  columnar  jointing  where  exposed  in  the  canal 
(see  PI.  XXVIII) .  The  whole  is  cut  by  large  and  small  basalt  dikes. 
The  formation  outcrops  extensively  along  the  canal  between  Empire 
and  Las  Cascadas. 

In  degree  of  hardness  and  tenacity  and  in  texture  the  rock  of 
this  formation  presents  great  variety,  but,  on  the  whole,  it  is  much 
softer  and  more  friable  and  was  cheaper  to  drill  and  blast  than  the 
Bas  Obispo  rock.  Several  considerable  slides  developed  in  it,  due 
chiefly  to  local  areas  of  weakness  and  faulting,  and  to  its  somewhat 
clayey  character  and  ground-water  content.  These  are  described 
in  detail  under  another  heading.  The  extent  and  relative  position 
of  this  formation  is  shown  in  figure  1. 

BOHIO    CONGLOMERATE. 

The  Bohio  conglomerate  consists  of  beds  containing  water-worn 
cobblestones  and  pebbles.  These  beds  are  separated  from  each  otiher 
by  layers  of  sandstone  and  clay  rock.  The  lower  part  of  the  formation 
contains  more  cobbles  and  pebbles  than  the  upper  part  and  seems 
to  be  largely  a  product  of  running  water.  It  is  generally  fairly  well 
bedded,  though  locally  massive,  and  contains  hard  bowlders,  up  to 
a  few  feet  in  diameter,  of  andesitic,  dioritic,  and  other  igneous  rocks. 

The  upper  part  of  this  formation  is  of  the  same  general  compo> 
sition  as  the  lower  part,  but  contains  some  beds  of  dark-gray  clay 
marl  rock  which  have  the  fossil  remains  of  foraminifera — ^minute 
shell-bearing  animals.  The  cobbles,  bowlders,  and  gravel  are  from 
cherts,  andesites,   and  diorites,   and  were  derived  from  the  older 


SSI 


|3 

si 


GENERAL  GEOLOGY  OF  CAiTAL  SSONB.  21 

intrusive  masses  of  igneous  rock  now  found  at  intervals  along  the 
central  part  of  the  Isthmus. 

The  formation  must  be  at  least  1,000  feet  thick,  and  it  outcrops 
extensively  in  the  vicinity  of  Bohio  and  near  Caimito  Junction. 
Though  not  outcropping  in  the  Culebra  Cut,  it  was  encoimtered  in 
many  of  the  cuts  near  Bohio  on  the  new  line  of  the  Panama  Kail- 
road.  It  is  somewhat  difficult  to  drill,  on  account  of  the  many  hard 
cobbles  and  bowlders  that  it  contains.  Lack  of  jointing  makes  it 
rather  more  difficult  to  blast  than  might  be  expected  from  the  fact 
that  the  matrix  filling  its  interbowlder  spaces  is  relatively  soft  and 
friable. 

CULEBRA   FORMATION. 

The  Cnlebra  formation  contains  an  upper  and  a  lower  member. 

The  lower  member  (fig.  1  and  PI.  XV)  consists  of  dark,  well-lami- 
nated beds  of  soft  shales,  marls,  and  carbonaceous  clays,  with  some 
pebbly,  sandy,  and  tufaceous  layers.  There  are  a  few  thin  beds  of 
Ugnitic  shale,  but  the  whole  upper  part  of  the  formation  contains 
considerable  organic  matter.  It  outcrops  in  the  Culebra  Cut,  near 
Culebra,  and  near  Pedro  Miguel. 

The  upper  member  consists  of  calcareous  beds  and  lenses  ranging 
in  character  from  sandy  limestone  to  calcareous  sandstone,  3  to  10 
feet  thick,  separated  by  partings  of  dark  carbonaceous  clays  and 
fine-bedded  tuflfs  (fig.  1  and  Pis.  VI  and  XV). 

Locally  this  formation  gives  off  a  little  natural  gas  and  in  some 
small  areas  it  shows  slightly  bituminous  shales. 

The  lower  member  of  this  formation,  because  of  its  soft,  friable 
nature,  could  be  drilled  and  blasted  easily  and  was  economically 
handled  by  the  steam  shovels.  In  spite  of  its  weak  and  friable  char- 
acter it  was  relatively  less  given  to  sliding  than,  say,  the  Cucuracha 
formation,  owing  to  the  following  facts: 

(1)  It  is  fairly  well  laminated  or  bedded,  and  the  thin  beds  are 
relatively  horizontal,  except  locally;  hence  there  is  practically  no 
tendency  toward  sliding  along  the  bedding  planes. 

(2)  It  is  slightly  sandy  to  granular  and  both  its  granularity  and 
its  bedding  planes  cause  it  to  be  better  drained  than  the  more  clayey 
formation  (the  Cucuracha)  in  which  maximum  sliding  developed. 

(3)  It  seems  to  be  relatively  free  from  particles  of  chlorite  and 
other  greasy  ferro-magnesian  minerals  which  contribute  greatly  to 
the  instabiUty  and  mobiUty  of  the  Cucmracha  rocks. 

The  upper  member  of  the  formation  contains  many  thin  beds  of 
sandy  limestone  and  limy  sandstone  that  are  fairly  resistant  to  drill- 
ing and  blasting.  They  also  strengthen  the  slopes  and  thus  locally 
tend  to  prevent  slides. 

Certain  local  areas  of  the  Culebra  formation  became  heated,  gen- 
erally soon  after  having  been  exposed  to  the  atmosphere  by  drilling 
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or  blasting.  This  heating  was  due  to  the  oxidation  of  finely  divided 
pjn'ite.  It  thus  was  necessary  in  certain  areas  to  test  the  drill  holes 
to  determine  whether  they  had  become  hot  and  therefore  dangerous 
to  load  with  dynamite.  This  matter  of  heating  ground  is  discussed 
more  fully  in  a  subsequent  section. 

CUCUBACHA   FORMATION. 

The  Cucuracha  formation  (see  figs.  1,  3,  and  4  and  PI.  XV)  is  here 
described  in  considerable  detail,  because  in  it  not  only  the  Cucuracha 
slide  but  also  the  big  Culebra  slides  developed.  It  is  so  named 
because  of  being  the  site  of  the  Cucuracha  slide  and  because  it  is 
typically  exposed  near  Cucuracha  village. 

The  formation  consists  of  a  dark  green,  massive  and  locally  bedded, 
slightly  indurated,  volcanic  clay  rock  of  andesitic  composition.  It 
is  a  land-deposited  formation,  overlying  the  marine  Culebra  beds, 
from  which  it  is  separated  by  10  to  20  feet  of  sUghtly  indurated  gravel. 
It  is  the  upper  part  of  what  Hill  *  and  Howe  *  called  the  Culebra 
formation. 

Locally  it  contains  red  beds  and  lenses,  but  these  are  of  the  same 
general  character  as  the  green  clay  rock  in  which  they  are  inter- 
bedded,  except  that  they  contain  slightly  more  iron  and  alumina 
and  a  little  less  silica.  In  certain  beds  there  is  a  network  of  small 
irregular  joints  contiguous  to  which  the  greenish  clay  rock  has  turned 
red;  such  a  change  seems  to  be  due  to  the  oxidation  of  the  greenish 
ferrous  iron  to  the  red  ferric  condition  by  surface  waters.  In  some 
of  these  red  beds,  however,  there  has  been  some  local  concentration ' 
of  iron  and  alumina  products. 

In  addition  to  the  red  beds  there  are  a  few  local  beds  and  lenses  of 
gravel  and  of  sandy,  dark  gray,  tuf aceous  material.  This  gravel, 
Uke  the  gravel  at  the  base  of  the  formation,  is  fairly  fine,  loosely 
cemented,  and  consists  of  the  roimded  fragments  of  indurated  shales, 
cherts,  and  concretions  from  the  lower  part  of  this  formation  and 
from  some  of  the  older  rocks. 

There  are  also  four  distinct  beds  of  lignitic  shale,  1  to  5  feet  thick. 
They  are  the  fossiUzed  remains  of  former  swamps. 

Tho  formation  is  cut  by  some  large  and  some  small  basaltic  dikes 
(Pis.  VII  and  XV),  but  these  have  caused  scarcely  any  meta- 
morphism.  Faulting  has  considerably  broken  the  beds  and,  owing 
to  their  soft  and  brittle  character,  relatively  small  faults,  where  the 
movement  seems  to  have  been  less  than  75  feet,  have  resulted  in  shear 
zones  up  to  several  feet  wide.     These  rocks  weather  readily,  and  are 

a  Hill,  R.  T.,  Geological  history  of  the  Isthmus  of  Panama  and  portfons  of  Costa  Rica:  Bnll.  If  iiseom 
Comparative  Zoology  of  Harvard  College,  vol.  28, 1S98. 

b  Howe,  Ernest,  Canal  Commission  Ann.  Report  1907,  Appendix  E,  pp.  1(K-138;  Isthmian  geology  of 
the  Panama  Canal:  Eoon.  Oeol.,  vol.  2, 1907,  pp.  63»-«58;  Oeology  of  the  Isthmus  of  Panama:  Am.  Jour, 
Sci.,  vol.  26,  ser.  4, 1908,  pp.  212-237. 
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covered  by  10  to  25  feet  of  red  soil.  They  are  easily  eroded,  so  that 
the  outcrops  of  this  formation  have  mostly. been  worn  into  flats  or 
valleys. 

Extending  for  more  than  a  mile  over  what  must  have  been  an  old 
land  surface,  and  now  forming  an  interbedded  unit  of  this  formation, 
is  a  light  to  dark  grayish,  or,  on  fresh  fracture,  greenish,  lava^breccia 
flow  of  andesitic  composition.  Hand  specimens  of  it  show  a  few 
little  sluny  faces  of  feldspar  crystals  up  to  2  nun.  in  length,  set  in 
a  groimdmass  that  resembles  indurated  clay.  The  brecciated  frag- 
ments are  small,  somewhat  altered,  and  seem  to  have  been  picked  up 
from  the  formation  over  which  the  flow  moved.  Under  the  micro- 
scope the  rock  is  seen  to  consist  of  euhedral  phenocrysts  of  andesine 
ranging  in  size  up  to  1  by  2  mm.  and  some  crystals  of  potash  feldspar 
set  in  a  cloudy  clayUke  groundmass,  dark  scaly  areas  resulting  from 
the  decomposition  of  some  mineral,  considerable  chlorite,  some  cal- 
cite,  and  a  httle  secondary  quartz.  The  outlines  of  the  brecciated 
fragments  were  recognized  but  their  original  composition  was  ob- 
scured by  alteration.  This  altered  andesite  flow  is  somewhat  jointed 
and  weak,  so  that  it  adds  but  little  strength  to  the  slopes  and  is 
practically  no  protection  against  slides. 

The  prevailing  grayish-green  color  of  the  formation  is  due  to  the 
fairly  high  percentage  of  very  finely  divided  chloritic  material  that 
it  contains.  These  greasy  mineral  particles  are  a  marked  source  of 
weakness  and  mobility  and  are  one  of  the  factors  that  have  caused 
maximum  sliding  in  this  formation.  In  contrast  with  the  clays  of 
the  Culebra  beds,  these  rocks  are  massive,  largely  of  terrestrial  origin, 
contain  little  organic  matter  outside  of  the  few  Ugnitic  shale  beds 
mentioned,  have  a  greenish  color  from  a  high  chlorite  content,  and 
are  much  more  given  to  shding  than  the  other  rocks. 

EMPERADOR   LIMESTONE. 

The  Emperador  is  a  light-colored,  fairly  pure  limestone.  It  lies 
unconformably  on  several  of  the  older  beds.  Its  outcrops  are  com- 
paratively small  and  weather  locally  into  a  pitted  and  platy  condi- 
tion. Near  Las  Cascadas  a  section  cut  by  the  canal  (PL  VIII), 
shows  the  limestone,  about  25  feet  thick,  overlying  the  upper  part 
of  the  Culebra  formation.  It  outcrops  northwest  of  Empire,  south  of 
Las  Cascadas,  on  the  new  line  of  the  Panama  Railroad,  near  San  Pablo, 
near  Frijoles,  in  the  swamp  southeast  of  Diablo  Ridge,  and  extensivdy 
near  Alhajuela.  The  formation  also  has  prospective  value  as  a  local 
source  of  limo  and  possibly  of  cement.  In  places  it  is  somewhat  hard 
and  tough,  and  is  almost  as  resistant  to  drilling  and  blasting  as  is  the 
Bas  Obispo  formation. 
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GAIMITO   FORMATION. 

The  Caimito  formation,  which  overlies  the  Emperador  limestone, 
consists  of  three  members,  as  follows:  (a)  A  basal  light-gray,  soft, 
argillaceons,  or  claylike,  sandstone,  which  grades  upward  into  a  yellow- 
ish ai^llitic  sandstone  that  is  bluish  gray  on  fresh  fracture;  (b)  a 
peculiarly  calcareous  conglomerate  with  some  fragments  of  much 
decayed  basic  rock,  which  locally  give  a  bright-green  stain  to  small 
patches  of  the  formation;  (c)  a  light-colored  to  yellowish  argillaceous 
sandstone  fairly  well  bedded,  llie  upper  argillitic  sandstone  is  the 
rock  that  outcrops  in  the  Chagres  River  at  Barbacoas,  near  San  Pablo. 
Beds  a,  h  and  c  may  be  seen  in  the  section  at  Bald  Hill,  north  of  Mira- 
flores.  Bed  h  outcrops  extensively  at  San  Pablo  and  near  the  site 
of  the  proposed  wireless  telegraph  station  opposite  San  Pablo.  The 
formation  does  not  outcrop  at  all  in  the  Culebra  Cut.  These  rocks 
are  relatively  easy  to  drill  and  blast',  and  the  weathered  product  from 
the  more  clayey  beds  of  this  formation  might  be  suitable  for  the 
manufacture  of  common  brick. 

GATUN   FORMATION. 

The  Oatun  formation  (figs.  1  and  2)  consists  of  three  members,  as 
follows :  (a)  About  500  +  feet  of  marls  and  argiUites,  or  clay  rocks,  and 
some  beds  of  soft  sandstone  and  conglomerate;  this  member  is 
bluish  gray  but  locally  contains  many  brown  specks,  indicating  frag- 
ments of  organic  material;  it  is  rich  in  the  fossil  shells  of  ancient 
marine  life;  (jb)  mostly  fine,  soft  sandstone,  about  100  feet  thict, 
containing  a  few  fossils ;  (c)  light  to  creamy  gray  indurated  clay  beds. 

The  formation  is  extensive  and  constitutes  the  foundation  on  which 
the  Gatun  Locks  are  built.  Fortunately,  its  fineness  of  grain  renders 
it  relatively  impervious  to  ground  water.  The  upper  part  of  the 
formation  weathers  into  red  clay,  and  except  where  this  is  cut  by 
streams,  it  covers  the  solid  rock  to  a  depth  of  10  to  25  feet. 

It  is  possible  that  the  red  clay,  the  weathered  surface  covering 
that  obscures  much  of  the  Gatun  formation,  would  be  a  good  source 
of  material  for  the  manufacture  of  common  brick.  This  rock  has 
been  used  extensively  for  fills  on  the  new  line  of  the  Panama  Railroad, 
and  in  other  places.  It  was  convenient  and  cheap  to  excavate  and 
load  and  answered  well  the  uses  to  which  it  was  put.  However, 
it  can  not  be  used  for  fills  that  are  subject  to  the  scour  of  a  river  or  of 
sea  waves,  because  it  abrades  and  weathers  easily.  This  formation 
has  much  engineering  significance  because  the  Gatun  Locks  and  Dam 
rest  on  it  as  a  foundation.  Its  strength  and  adequacy  to  meet  such 
foundational  requirements  are  discussed  under  the  heading  "Founda- 
tions of  the  Gatun  Dam  and  Locks"  (p.  39). 
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PANAMA  FORMATION. 

The  Panama  formation  is  a  light-colored  well-bedded  tuff  some- 
what acid  in  composition.  Locally  it  contains  some  aj^illaceous  beds. 
It  outcrops  extensively  from  Miraflores  to  Panama  and  in  a  few  other 
places.  The  formation  is  at  least  400  feet  thick  and  overlies  the 
Caimito  beds.  It  seems  to  be  relatively  porous^  fairly  well  bedded, 
somewhat  jointed;  and  of  a  crumbly  or  friable  nature.  It  was  not 
difficult  to  driU  or  blast  and  is  somewhat  too  soft  for  good  road 
metal. 

TORO   LIMESTONE. 

The  Toro  ^  limestone  is  sandy  and  fragmental,  being  locally  a 
coquina  or  shell  marl.  Its  type  locality  is  at  Toro  Point,  but  similar 
appearing  limestone  fringes  the  Caribbean  coast,  except  where  large 
valleys  have  caused  it  to  be  eroded  or  covered  with  alluvium.  In 
places  it  forms  low  bluffs  or  headlands,  especially  at  Toro  Point,  west 
of  the  Gatim  Dam,  and  at  the  mouth  of  the  Chagres  River. 
It  is  the  rock  from  which  Fort  San  Lorenzo  was  built.  Rock  from 
this  formation  was  used  as  a  hearting  for  the  Toro  Point  Breakwater. 
It  was  suitable  for  such  a  purpose  because  of  the  ease  and  cheapness 
with  which  it  was  blasted  and  loaded  onto  railroad  cars  for  transfer 
to  the  near-by  breakwater.  The  soft  and  easily  abraded  character  of 
this  material  prevented  its  use  except  as  a  core  or  heart.  The  break- 
water had  to  be  faced  or  armored  with  much  harder  and  tougher 
ropk,  an  abundance  of  which  was  available  at*  Porto  Bello. 

PLEISTOCENE   FORMATIONS. 

The  Pleistocene  formations  consist  of  (a)  swamp  deposits,  black 
soil  and  silt,  filling  old  channels  to  depths  of  325  feet  below  the 
present  sea  level;  (6)  river  gravels  up  to  10  feet  above  the  present 
normal  river  levels;  (c)  old  sea  beaches  6  to  10  feet  above  the  present 
beach  level;  and  (d)  bars,  beaches,  and  the  present  river  alluviuiu. 
All  of  these  deposits  have  a  distinct  bearing  on  the  engineering  prob- 
lems of  the  Isthmus.  The  deep  swamp  deposits  not  only  made  sur- 
yejs  difficult,  but  added  much  to  the  cost  of  building  railroad  fills 
across  them.  The  river  gravels  were  useful  for  ballasting  the  road, 
for  local  concrete  work,  and  for  other  purposes.  Some  of  the  beaches 
yielded  vast  quantities  of  sand  for  making  concrete.  The  present 
river  alluvium  locally  has  an  agricultural  value;  and  some  of  the  river 
sediment,  deposited  as  bars  and  shoals  which  partly  obstructed  the 
Atlantic  and  Pacific  entrances  to  the  canal,  had  to  be  dredged  away. 

a  Called  Caribbean  limestone  by  the  author  In  reports  of  Isthmian  Canal  Commission  for  1912  and  1913. 
Bee  p.  63  and  p.  570  of  report  for  1913. 
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laNBOTJB  BOOKS. 

The  igneous  rocks  within  the  Canal  Zone  belong  to  six  distinct 
groups  or  families  as  described  below. 

OBANODIORrrE. 

Granodiorite  is  a  quartz-bearing,  locally  porphyritic  rock,  a  mem- 
ber of  the  broad  group  of  granitic  rocks.  It  outcrops  in  a  few  places  in 
the  Chagres  River  Basin,  for  many  pebbles  of  it  may  be  found  among 
the  gravels  of  that  river. 

Another  rock  that  may  be  classed  as  granodiorite  but  in  reality  is 
a  dacite  (or  quartz-diorite-porphyry),  is  that  forming  Cocovi  Island 
in  Panama  Bay.  It  was  planned  to  use  this  rock  in  some  of  the 
smaller  parts  of  the  dry  dock,  hence  it  is  here  described  in  some 
detail.  It  is  light  colored,  weathers  almost  white,  and  shows  in  the 
hand  specimen  only  occasional  shreds  of  dark  ferromagnesian  mineral. 
Under  the  microscope  it  is  markedly  porphyritic,  with  phenocrysts 
(large  crystals  in  a  finer  groundmass)  of  andesine-labradorite  greatly 
predominating  over  quartz,  orthoclase,  shredded  and  altered  remnants 
of  hornblende,  and  what  probably  was  biotite.  Many  of  the  pheno- 
crysts are  cracked  and  broken  an^  show  zonal  inclusions  of  glass. 
The  largest  are  6  mm.  in  diameter  and  from  this  size  they  range  down- 
ward into  fine  groundmass  crystals.  The  groundmass  seems  to  be  of 
about  the  same  composition  as  the  coarser  crystals  and  shows  a 
sort  of  pepper-and-salt  effect.  The  accessory  minerals  are  magnetite 
and  apatite;  also  some  secondary  chlorite  is  present.  The  rock  is 
strong,  fine  grained,  and  wiU  make  a  good  buUding  stone. 

DIORITB. 

Diorite,  a  rock  much  like  granite,  but  with  little  or  no  free  quartz 
and  with  much  dark  hornblende,  is  found  as  rounded  fragments 
among  the  gravel  of  the  Chagres  River,  and  in  the  Bohio  conglomerate. 
Both  diorite  and  granodiorite  form  some  of  the  core  masses  of  the 
mountains  in  the  interior  of  Panama.  The  diorite  is  a  tough  well- 
crystallized  rock  and  will  serve  well  for  building  purposes. 

ANDESITE. 

Andesite,  a  rock  of  about  the  same  chemical  composition  as 
diorite,  is  known  at  a  few  places  in  the  Canal  Zone.  It  differs  from 
diorite  in  having  reached  the  surface  as  a  lava-magma,  whereas 
diorite  cooled  below  the  surface  and  is  therefore  generally  much  more 
coarsely  crystalline.  Volcanic  necks  and  dikes  of  andesitic  rock  cut 
the  Las  Cascadas  agglomerate  in  various  places.    Similar  dikes  seem 
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to  cut  the  diorite  at  Point  Parfan,  opposite  Balboa.  Rocks  of  this 
general  character  form  the  steep  headlands  at  Porto  Bello  and  con- 
stitute the  material  quarried  and  crushed  there  and  transferred  to 
Oatun  for  use  in  the  concrete  work  of  the  locks.  Huge  pieces  of  this 
rock,  from  the  Porto  Bello  quarry,  were  transported  on  lighters  and 
used  to  armor  the  breakwater  at  Toro  Point.  It  is  a  typical  andesite, 
hard,  strong,  and  dark  colored.  Shiny  Uttle  crystal  faces  appear 
scattered  over  the  surface  of  hand  specimens  of  it.  Under  the  micro- 
scope it  shows  many  large  crystals  of  andesine  and  andesine  lab- 
radorite,  together  with  large  crystals  of  augite  and  some  of  hyper- 
sthene,  all  set  in  a  fine-grained  dark  to  brown  groundmass.  This 
groundmass  contains  minute  crystals  or  microlites  of  essentially  the 
same  composition  as  the  large  crystals. 

Rock  obtained  at  Point  Farf an,  opposite  Balboa,  where  the  French 
had  an  old  quarry,  shows  a  groundmass  relatively  coarse  for  andesite. 
In  fact,  the  large  crystals  or  phenocrysts  of  andesine  and  augite  are 
not  much  bigger  than  groundmass  or  small  crystals  in  which  they 
are  set.  Quartz  is  also  present  in  this  rock  in  irregular  masses  and 
in  micropegmatitic  intergrowths  with  feldspar.  The  rock  is  a  quartz 
andesite  in  composition. 

The  well-crystallized  character,  of  both  the  Porto  Bello  and  the 
Point  Farfan  rock  renders  them  tough  and  resistant  to  abrasion  by 
waves;  hence  they  are  well  suited  for  breakwater  or  sea-wall  con- 
struction. 

RHTOLrrE. 

RhyoUte  has  the  same  chemical  composition  as  granite,  but  is  much 
finer  in  grain.  Crushed  rhyohte  was  used  for  the  concrete  work  of  the 
Miraflores  and  Pedro  Miguel  locks;  therefore  it  is  here  somewhat 
fully  described.  It  is  the  rock  that  forms  Ancon  Hill,  and  Culebra 
and  Naos  Islands,  in  Panama  Bay.  Ancon  Hill  is  a  slightly  curved, 
roughly  tabular  intrusion,  about  half  a  mile  long  and  several  hundred 
feet  thick,  cutting  the  softer  Panama  formation  of  light-colored 
bedded  tuflE.  It  stands  as  a  much  elongated  cone  or  short  curved 
ridge,  654  feet  above  sea  level  and  nearly  600  feet  above  the  lowland 
that  surrounds  it  (PI.  IX). 

The  rock  is  much  fissured  and  jointed,  so  that  it  is  easily  crushed. 
It  weathers  to  a  Ught-buff  color,  but  is  bluish  gray  on  fresh  fracture. 
In  the  hand  specimen  it  shows  a  fine  texture  with  some  small  lathlike 
phenocrysts,  the  larger  ones  having  faces  about  1  by  5  mm.  in  size. 
Microscopically  the  rock  shows  some  flow  structure,  especially  around 
the  phenocrysts,  which  are  largely  oligoclase  or  oligoclase-andesinc, 
with  a  few  small  and  considerably  altered  needles  of  hornblende.  The 
phenocrysts  are  much  in  the  minority  and  in  size  grade  into  the 
coai*ser  particles  of  the  groundmass.  The  groundmass  is  fine  grained 
and  shghtly  cloudy  and  decomposed.     It  consists  largely  of  pcTthitic 
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aggregates  of  orthoclase  and  plagioclase,  with  some  quartz  and  feld- 
spar intergrowths.  A  small  amount  of  free  quartz  is  present.  The 
chief  accessory  minerals  are  grains  of  magnetite  scattered  through  the 
rock;  some  ilmenite,  a  little  apatite,  and  some  light-yellowish  grains 
of  secondary  mineral  showing  locally  in  the  groundmass. 

This  rock  is  strong,  fairly  tough,  and  on  the  whole  is  well  suited  for 
concrete  work. 

BASALT. 

Basalt,  a  dark,  basic,  fine-grained  lava  rock,  is  rather  plentiful  on 
the  Isthmus.  As  dikes  it  shows  in  Culebra  Cut  near  Empire,  Culebra 
(fig.  1  and  Pis.  VIII  and  XV),  and  Pedro  Miguel.  As  more  massive 
intrusions  it  forms  Office  Hill  at  Empire,  the  top  part  of  Gold  Hill; 
also  hills  near  Paraiso,  Pedro  Miguel,  Rio  Grande,  near  the  Panama 
Railroad  track  2  miles  north  of  Monte  Lirio,  and  in  many  other  places. 
In  fact,  most  of  the  steep  hills  and  ridges  within  the  Canal  Zone  (Pis. 
I  and  II),  except  Ancon  Hill,  are  formed  of  hard  basaltic  rock  thdt 
formerly  came  up  through  the  softer  rock  as  dikes  and  cores  of  lava. 
The  basalt  near  Culebra  Cut  contains  practically  no  olivine,  whereas 
that  found  in  many  other  places  is  rich  m  that  mmeral. 

This  rock  is  hard  and  tough  and  has  locally  been  used  in  building 
roads.  If  crushed,  it  would  serve  well  for  concrete  work.  Its  use  to 
armor  the  projected  new  east  breakwater  at  Colon  was  proposed,  but 
the  rock  is  so  cut  with  joints  that  it  would  not  break  in  large  enough 
pieces  to  resist  the  abrasion  of  sea  waves.  However,  it  was  to  be  used 
as  the  first  coat  of  armor  over  the  softer  and  more  easily  abraded 
heart  or  core  material,  the  whole  to  be  faced  with  large  blocks  of  the 
Porto  Bello  rock.  Basalt  was  also  used  to  a  considerable  extent  for 
facing  the  water-level  zone  of  the  Gatun  Dam.  Because  of  its  engi- 
neering importance  it  is  described  in  some  detail. 

Gold  HiU  is  capped  by  about  250  feet  or  more  of  basalt,  and  a  curved 
basalt  dike  75  to  100  feet-  thick  forms  the  westerly  and  northerly 
periphery  of  the  hill  mass.  The  dike  and  the  capping  are  fairly 
typical  of  the  variety  of  basaltic  rock  occurring  within  the  Canal  Zone 
that  does  not  bear  ohvine.  Locally  the  basalt  shows  some  columnar 
structure  (PI.  X)  and  is  considerably  jointed.  It  is  tough  and  strong 
and  resistant  to  weathering,  so  that  it  generally  forms  hills  and  ridges 
which  have  only  shallow  coverings  of  soil.  It  cuts  sedimentary  beds 
of  Oligocene  age  and  was  perhaps  erupted  in  Miocene  (?)  time.  It 
shows  relatively  little  contact  metamorphism. 

Hand  specimens  of  this  rock  show  it  to  be  dark,  compact,  fine 
grained,  and  even  textured,  and  it  is  comparatively  little  weathered. 
Microscopically  it  shows  fluxional  or  flow  structure,  markedly  in  speci- 
mens from  the  capping  on  the  hill  and  to  a  much  less  extent  in  speci- 
mens from  the  dike.  In  the  flow  capping  the  feldspars  are  abundant, 
labradorite  lathlike  crystals,  ranging  up  to  1 .2  by.  2  mm,  in  size,  pre- 
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dominating.  In  the  dike  specimens  the  crystals  are  a  little  stouter 
and  larger,  and  many  of  them  are  cracked  and  bent.  Augite  is  fairly 
abundant  and  occurs  mostly  as  pale  grains  and  granular  a^regates. 
The  accessory  minerals  are  small  black  specks  and  irregular  aggregates 
of  magnetite  plentifidly  peppered  through  the  mass,  a  little  ilmenite, 
and  some  apatite.  Epidote  in  light  and  dark  yellow  irregular  patches 
is  present  as  an  alteration  product  from  some  of  the  feldspar  crystals, 
for  it  fills  the  little  cracks  of  those  that  are  crushed  and  broken  and 
occurs  as  cloudy  masses  and  a^regates  in  the  interior  parts  of  others. 
Three  thin  sections  were  examined,  but  no  olivine  was  noted  in  them. 
Basaltic  rock  from  a  little  hiU  near  the  railroad  track  and  1}  miles 
north  of  Monte  lirio  was  used  to  face  the  water-level  zone  of  the  Gatun 
Dam.  This  rock  is  somewhat  coarser  in  texture  than  that  just 
described,  and  its  feldspars  are  more  calcareous.  Otherwise  the 
rock  is  much  like  that  of  Gold  HiU. 

META-BBECOIA. 

Under  meta-breccia  are  classed  the  metamorphosed  tuff,  sandy  and 
argillaceous  beds,  agglomerate,  and  breccia  masses  that  form  Gold  Hill, 
Contractors  Hill,  Office  Hill  (Culebra),  and  the  breccias  at  Pairaiso, 
at  Empire,  and  at  other  places  (see  PI.  I,  II,  and  XV).  Aroimd  at 
least  a  part  of  the  periphery  of  several  of  these  masses,  and  projecting 
through  each  of  them  in  one  or  in  several  places,  are  basalt  dikes. 
All  of  these  masses,  so  far  as  is  known,  are  separated  from  the  rocks 
surrounding  them  by  a  contact  along  which  faulting  has  occurred. 
Both  the  Gold  Hill  and  the  Contractors  Hill  masses  have  been 
faulted  downward  some  hundreds  of  feet  (see  Pis.  XV,  XIX,  and  XX), 
These  meta-breccias  are  similar  to  certain  phases  of  the  Bas  Obispo 
breccia.  Disturbed  bedding  is  found  in  their  upper  parts,  so  that  a 
vertical  section  through  them  would  look  somewhat  like  a  vertical  sec- 
tion through  the  upper  part  of  the  Bas  Obispo,  and  a  part  of  the  over- 
lying Las  Cascadas  agglomerate,  with  some  highw-bedded  tuffs  in- 
cluded. The  evidence  indicates  that  these  metar-breccia  mass^s  were 
pushed  upward  as  somewhat  metamorphosed  and  toughened  caps  on 
top  of  basalt  plugs  or  cores.  On  cooling,  shrinkage  and  outlets  for 
various  dikes  and  apophyses  caused  a  gradual  settling  back  of  these 
plugs  to  about  their  present  condition.  These  breccia  masses  have 
acted  as  strengthening  pillars  to  buttress  some  of  the  sliding  areas  in 
Culebra  Cut.  This  fimction  is  discussed  in  a  subsequent  considera- 
tion of  shdes. 

LAVA-MXn>  FLOWS. 

In  addition  to  the  igneous  rocks  enumerated,  there  are  several 
cooled  and  hardened  mud-lava  flows  which  are  found  in  the  Las 
Cascadas  agglomerate.  Many  of  these  local  masses  show  columnar 
structure  (see  PL  XXVHI)  and  are  rather  hard,  but  on  exposure  to 
the  air  for  a  few  years  they  crumble  considerably. 
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STABILITY  OF  THB  ISTEOnXS. 

A  brief  reconnaissance  of  the  geology  of  western  Panama  was  made 
possible  by  a  cooperative  arrangement  between  the  Isthmian  Canal 
Commission,  the  Smithsonian  Institution,  and  the  United  States 
Geological  Survey.  The  information  thus  gathered,  coupled  with 
that  obtained  from  a  study  of  the  Canal  Zone  geology,  leads  to  the 
conclusion  that  the  isthmian  land  first  appeared  as  an  archipelago  of 
islands  in  a  shallow  sea.  During  the  Oligocene  period,  when  the  Cu- 
curacha  formation  was  laid  down,  there  seems  to  have  been  established, 
possibly  for  the  first  time,  a  land  connection  between  the  two  conti- 
nents. At  least  there  is,  as  yet,  no  positive  geologic  evidence  of  an 
earlier  connection.  Before  the  close  of  the  Oligocene,  the  sea  again 
swept  over  the  submerged  land,  leaving  only  a  few  islands  above  the 
siuface  of  the  water.  It  appears  that  the  Miocene  began  with  an 
emei^ence,  and  that  imtil  its  close  the  isthmian  barrier  once  more 
effectively  separated  the  oceans.  With  the  beginning  of  Phocene 
time,  the  land  again  sank  until  only  the  highest  points  were  left 
above  the  surface  of  the  sea.  Another  uprise  ushered  in  the  Pleis- 
tocene, and  before  this  period  was  well  advanced  the  land  stood 
several  hundred  feet  higher  than  now.  Again  sinking  began,  and 
continued  until  the  land  was  6  to  30  feet  below  present  sea  level. 
The  last  uprise,  according  to  the  fresh  appearance  of  the  old  raised 
sea  beaches  and  other  evidence,  must  have  taken  place  within  very 
recent  time,  probably  within  the  last  thousand  years. 

In  all,  there  is  a  clear  record  of  four  oscillations  and  the  beginning 
of  another  elevation.  Hence  the  question :  Is  the  canal  in  danger  from 
this  uprise  ?  Should  the  emergence  be  rapid,  of  course  it  would  be 
in  some  danger;  but  the  fact  is,  that  the  average  rate  of  uplift  for  say, 
the  last  1,000  years  has  been  something  less  than  0.03  foot  a  year,  or 
less  than  3  feet  in  100  years.  Dredging  could,  of  course,  take  care 
of  this  rise  with  little  additional  expense  above  the  ordinary  dredging 
necessary  for  the  annual  upkeep  of  the  canal.  Then,  too,  there  is 
always  the  chance  that  this  motion  will  stop  entirely,  and  a  sinking 
begin.  Arguing  then  from  what  has  happened  in  recent  geologic 
time,  it  may  be  concluded  that  [the  canal  is  not  in  any  appreciable 
danger  from  the  geologic  instability  of  the  isthmian  land. 

It  is  believed  that  the  sinking  of  the  ocean  bottom  outside  the  rela- 
tively shallow  depths  of  the  isthmian  shore  waters  has  been  the 
chief  cause  of  the  earthquake  periods  that  have,  so  far  as  the  record 
go,  visited  the  isthmus  every  30  to  35  years,  and  that  each  of  these 
seismic  disturbances  has  resulted  in  some  increased  uprise  of  the 
land  mass.  This  matter  is  more  fully  discussed  under  the  subject  of 
"Earthquakes." 
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STRUCTtJKAL  GBOLOOT  IN  REULTIOX  TO  ENOI- 

NEBRING* 

Under  the  subject  of  structural  geology  the  folding,  faulting, 
shearing,  jointing,  and  some  of  the  other  changes  that  the  rocks 
have  undergone  since  they  were  formed  is  briefly  discuflsed.  All 
of  these  changes  have  some  bearing  on  the  engineering  problems  of 
the  canal,  but  it  is  necessary  to  discuss  many  of  them  in  connection 
with  other  topics  treated  under  different  headings,  so  only  the  main 
features  and  relations  are  here  summarized. 

FOLDINa. 

The  bedded  rocks  were,  of  course,  deposited  in  a  relatively  hori- 
zontal position.  Since  their  deposition  they  have  been  folded  and 
warped  to  various  degrees. 

From  Gatun  to  the  Caribbean  the  rocks  of  the  Gatun  formation 
dip  gently  northward  and  pass  under  the  ocean  at  a  slight  inclina- 
tion. The  upper  part  of  this  formation  is  relatively  fine  grained 
and  the  lower  part  averages  coarser.  From  such  an  arrangement  of 
material,  one  would  expect  artesian  conditions  at  Colon,  especially 
now  that  Gatim  Lake  is  almost  82  feet  higher  than  that  city.  How- 
ever, the  rocks  may  be  too  fine  grained  and  dense  to  permit  flow  of 
water  through  even  their  coarser  lower  beds.  It  is  said  that  a  well, 
some  600  feet  or  more  deep,  sunk  by  the  Panama  Government  in 
Colon,  furnishes  considerable  water,  but  develops  no  pressure  at  the 
surface. 

A  noticeable  downfold  or  syndine  in  the  bedded  rocks  crosses 
Culebra  Cut  in  the  vicinity  of  Gold  and  Contractors  Hills.  The 
axis  of  this  trough  trends  almost  northeast  and  southwest.  Its 
greatest  engineering  significance  is  that  it  causes  the  stronger  limy 
sandstones  of  the  upper  part  of  the  Culebra  formation  to  be  bowed 
downward  far  below  the  bottom  of  the  canal,  so  that  they  do  not 
strengthen  the  slopes  in  the  deepest  part  of  Culebra  Cut.  The  slopes 
where  the  worst  slides  have  developed  are  composed  only  of  the  rocks 
of  the  Cucuracha  formation,  already  described.  The  stronger  limy 
beds  lie  below  this  formation,  and  outcrop  as  strengthening  factors 
in  the  slopes  of  Culebra  Cut  on  both  sides  of  this  downwarped  trough 
or  syncline,  which  is  nearly  2  miles  across. 

There  are  many  other  minor  flexures  and  small  folds  which  have 
tilted  the  beds  at  angles  up  to  45^  or  more,  but  in  general  the  bedded 
rocks  are  relatively  flat  and  horizontal. 

FAtnLTIKa  AND  SHBABINa. 

From  the  various  oscillations  of  the  land  above  and  below  sea 
level,  as  already  noted,  one  would  expect  that  the  rocks  constituting 
the  isthmian  land  mass  would  have  become  broken  and  dislocated 
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in  these  upward  and  downward  movements,  and  this  has  happened. 
Great  fracture  planes  cut  the  rocks  and  trend  mostly  northeast-south- 
west, or  approximately  parallel  with  the  axis  of  the  land  mass,  with 
some  minor  fractures  leading  in  other  directions.  Along  these  frac- 
ture planes  differential  movements,  some  of  which  measure  hundreds 
of  feet,  have  taken  place.  The  frictional  drag  of  these  movements 
has  crushed  and  broken  the  softer  rocks  for  several  feet  on  each  side 
of  the  plane  of  motion. 

This  faulting  has  had  a  most  important  bearing  on  engineering, 
because  the  faulted  zones,  especially  where  the  rocks  are  extensively 
crushed  and  broken,  have  tended  to  promote  slides.  The  present 
faults  date  from  Miocene  time  or  later,  and  most  of  them  are  prob- 
ably of  Pleistocene  age.  At  any  rate,  so  far  as  the  digging  of  Culebra 
Cut  is  concerned,  these  faults  have  increased  the  cost  of  the  canal 
several  millions  of  dollars.  The  relation  of  the  faults  and  sheared 
zones  to  the  sUdes  is  fully  discussed  elsewhere  in  this  report. 

The  chief  faults  trending  across  the  canal  are  shown  in  figure 
1  and  Plates  XV  and  XVI,  but  there  are  many  more  than  those 
indicated  there. 

SUBMARINE  ESCARPMENT  AT  PANAMA  BAY. 

Panama  Bay  is  shallow  out  to  its  mouth.  Beyond  that  the  depth 
increases  from  100  to  over  1,000  fathoms  in  a  short  distance.  This 
deepening  is  indicative  of  a  great  submarine  fault  escarpment  passing 
just  in  front  of  Panama  Bay.  That  there  is  an  important  fault 
escarpment  there  is  established  by  the  following  facts: 

On  October  1,  1913,  a  considerable  earthquake  shocked  Panama. 
It  was  especially  severe  in  the  southern  part  of  Las  Santos  Province, 
where  it  seriously  damaged  several  buildings.  With  the  beginning 
of  this  earthquake  the  submarine  cable  from  Panama  City  up  the 
west  coast  broke.  It  parted  just  where  it  passes  from  the  relatively 
shallow  water  of  Panama  Bay  to  the  deep  water  beyond.  When 
the  break  was  located  by  the  repair  ship  it  was  found  that  half  a  mile 
of  one  of  the  broken  ends,  which  lay  along  near  the  foot  of  this  sub- 
marine escarpment,  was  completely  covered  by  debris  and  had  to  be 
abandoned  and  a  new  piece  spliced  in  to  take  its  place.  It  is,  there- 
fore, evident  that  the  cable  broke  as  the  result  of  differential  move- 
ment along  this  old  fault  plane,  and  that  this  movement  caused  the 
earthquake,  and  jarred  down  the  submarine  material  that  buried 
half  a  mile  of  the  broken  end. 

About  1882  an  earthquake  shock,  accompanied  by  the  breaking 
of  the  cable,  occurred  in  about  the  same  way  and  at  approximately 
the  same  place. 
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FISSTJBINa  AND  JOINTINa. 

As  mentioned  previously,  within  the  Canal  Zone  there  are  many 
dikes,  cores,  flows,  and  small  masses  of  igneous  rocks.  These,  while 
still  in  a  molten  condition,  were  projected  upward  through  the  bedded 
rocks.  On  cooling  they  were  much  cut  by  the  developing  of  joints 
and  shrinkage  cracks,  and  later  many  of  them  were  somewhat  sheared 
by  faulting. 

The  jointing  and  Assuring  (PI.  XI)  of  these  rock  masses  has  had  a 
direct  bearing  on  engineering  resulte.  The  great  amount  of  jointing 
and  Assuring  in  the  Ancon  Hill  rhyolite  cheapened  considerably  the 
cost  of  quarrying  and  crushing  that  rock  for  use  in  the  concrete  of  the 
Pacific  locks.  On  the  other  hand,  one  of  the  reasons  why  the  Porto 
Bello  rock  was  more  expensive  to  use  was  because  it  had  few  joints  and 
fissures,  and  hence  broke  in  large  masses  that  were  expensive  to  load 
and  to  break  into  smaller  pieces.  The  difference  in  jointing  between 
these  two  rocks  was  due  to  the  fact  that  the  Ancon  Hill  rock  is  a 
relatively  small,  tabular-shaped  mass  which  cooled  quickly  and  de- 
veloped many  joints  and  shrinkage  cracks.  It  was  then  not  strong 
enough  to  resist  the  crushing  effects  of  faulting,  and  subsequent  move- 
ments of  this  kind  still  further  sheared  and  crushed  it.  On  the  other 
hand,  the  Porto  Bello  rock  mass  was  much  larger  and  cooled  much 
more  slowly;  consequently  it  developed  relatively  few  shrinkage 
cracks  and  was  little  affected  by  faulting. 

Certain  dikes  and  lava  flows  that  for  a  time  held  back  the  Cucuracha 
sUde  would  probably  have  been  strong  enough  to  have  prevented  fur- 
ther sUding  there  but  for  the  fact  that  they  were  cut  by  many  cooling 
and  shrinkage  joints  and  fissures.  These  dikes  were  large  and  for 
a  year  or  more  they  held  back  the  sliding  material.  However,  when 
the  cut  had  been  brought  to  final  depth  in  front  of  them,  the  accumu- 
lated stresses  of  the  material  behind  caused  them  to  shear  off  at 
points  where  they  had  been  greatly  weakened  by  joint  planes  (PI.  X). 
This  gave  a  renewed  activity  to  the  Cucuracha  slide  that  brought 
down  into  the  canal  over  1,000,000  cubic  yards  of  material. 

It  has  already  been  pointed  out  how  the  excessive  jointing  in  some 
large  outcrops  of  basalt  a  few  miles  south  of  New  Prijoles  prevented 
the  selection  of  this  material  as  armor  for  the  east  breakwater. 
Several  other  basalt  outcrops  were,  for  a  similar  reason,  also  foxmd 
unsuitable  for  such  use.  Because  of  minimum  jointing,  Porto  Bello 
rock  when  blasted  yielded  a  large  proportion  of  fragments  that 
weighed  several  tons;  hence  coarse  "armor"  rock  for  the  west 
breakwater  was  taken  from  Porto  Bello.  It  was  thought  that  the 
coarser  product  of  the  jointed  basalt  south  of  New  Frijoles  would  be 
used  for  the  first  covering  over  the  softer  heart  material  in  the  east 
breakwater.  The  coarse  "armor"  rock  for  this  will,  however,  prob- 
ably have  to  be  taken  from  Porto  Bello,  or  from  Sosa  Hill,  Balboa. 
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In  the  latter  rock  the  cooling  joints  seem  to  be  far  enough  apart  to 
give  massive  fragments  large  and  heavy  enough  for  "armoring"  a 
breakwater  exposed  to  sea  waves. 

INTBTTSIOKS. 

As  already  explained,  many  small  and  large  masses  of  lava  were 
forced  into  or  through  the  bedded  rocks.  Many  of  these  intrusions 
locally  disturbed  the  attitude  of  the  invaded  rock  beds,  tilting  them 
up  at  various  angles.  Occasionally  contact  with  the  hot  lava  baked 
and  metamorphosed  the  disturbed  beds,  but  most  of  the  intrusions 
caused  only  slight  change  in  the  beds. 

These  intruded  dikes  and  masses  have  locally  acted  as  piers  and 
buttresses  to  strengthen  weak  slopes  against  sliding.  The  most 
noteworthy  of  these  strengthening  intruded  masses  are  (jold  and 
Contractors  Hills. 

ROCK  MATERIAIi  USED  IN  CANAL  CONSTRUCTION. 

In  the  constructional  work  of  the  canal  much  nonmetallic  material 
of  local  origin  was  used.  The  relative  cost  of  excavating,  loading, 
and  transporting  such  material  to  the  places  where  it  was  to  be 
used,  as  well  as  its  physical  properties  and  general  suitability  for 
different  uses,  were  features  to  be  considered  in  planning  the  location 
of  the  necessary  rock  quarries  and  gravel  pits. 

DIFFBBEirr  TYPES  OF  BOCK  MATBBIAL  USED. 

In  all,  seven  diflFerent  types  of  rock  material  were  used,  as  follows: 

1.  Hard,  tough,  crystalline  igneous  rock,'  broken  so  as  to  pass 
through  a  3-inch  or  4-inch  round-hole  screen.  Vast  quantities  of 
this  were  used  to  mix  with  cement  for  the  concrete  work  of  the  locks. 

2.  A  considerable  amount  of  fine  screenings  (inch  mesh)  were  used 
for  light  concrete  work,  road  work,  locally  for  railway  ballast,  etc. 

3.  Great  pieces  of  hard,  tough,  igneous  rock,  some  weighing  several 
tons,  were  used  to  armor  the  west  breakwater,  Colon  Harbor,  against 
the  destructive  effects  of  ocean  waves. 

4.  Filling  material  of  all  kinds,  mostly  soft  rock  dug  out  of  Culebra 
Cut,  was  used  to  fill  in  swamps,  build  up  ''made  land"  where  neces- 
sary, to  form  a  large  part  of  Gatun  Dam  and  for  the  heart  or  core  of 
breakwaters. 

5.  Soft  mud  dredged  out  of  canal  channels  or  from  borrow  pits 
was  pumped  into  certain  swamp  areas  to  fiU  them  and  to  fiU  the 
spaces  between  the  coarse  fragments  of  Gatun  Dam,  th\is  creating  a 
seal  to  insure  water-tightness. 

6.  Clean  sand,  free  from  organic  matter,  was  used  for  concrete 
and  other  construction. 

7.  Gravel  was  used  for  railway  ballast  and  locally  for  concrete  and 
for  other  purposes, 
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SOT7BCES  OF  MATEBIAI.. 
ANCON   HILL. 

Nature  supplied  the  Canal  Zone  with  some  excellent  sources  from 
which  to  obtain  rock  for  concrete  work.  The  best  of  these  is  Ancon 
HilT,  which  furnished  the  crushed  rock  for  the  Miraflores  and  Pedro 
Miguel  Locks.  It  consists  of  a  tabular  mass  of  rhyolite  nearly  half 
a  mile  long  and  some  hundreds  of  feet  thick  (fig.  1,  and  PI.  IX). 
The  rock  is  rather  hard^  so  that  it  resisted  erosion  or  wearing  down 
by  the  streams  that  cut  away  the  softer  rocks  aroimd  it.  Because 
of  this  hardness  Ancon  Hill  stands  over  600  feet  above  the  low  lands 
that  nearly  surround  it.  The  rock  in  this  hill  is  much  jointed  and 
broken  and  is  easily  blasted;  relatively  little  further  crushing  by 
machinery  is  necessary  to  prepare  it  for  use  in  concrete  or  road 
construction. 

In  this  instance  the  faulting  or  breaking  of  earth  blocks  in  past 
ages  has  directly  aided  construction  by  cheapening  the  cost  of  crushed 
rock  for  the  concrete  work  of  the  Pacific  Locks.  The  same  period  of 
faulting;  however,  has  been  a  hindrance  in  the  excavation  of  Culebra 
Cut,  for  it  locally  weakened  the  rocks  there  and  gave  them  a  greatly 
increased  tendency  to  slide.  A  detailed  description  of  this  rock  is 
given  on  page  28. 

PORTO   BELLO  QUARRY. 

The  Porto  Bello  quarry  and  crushing  plant,  located  in  Porto  Bdlo 
Harbor,  about  20  miles  northeast  of  Colon,  furnished  the  crushed 
rock  for  the  Gatun  Locks.  This  quarry  is  on  a  large  area  of  andesitic 
rock  which  had  few  shrinkage  joints  and  was  too  large  and  solid  to 
be  much  broken  by  faulting.  The  joints  are  fairly  well  developed, 
but  far  apart,  so  that  the  rock  breaks  into  coarse  pieces  when 
blasted.  Each  blast  loosened  a  great  deal  of  rock,  but  a  large  per- 
centage of  it  broke  along  the  joint  planes  into  big  blocks  weighing 
several  tons  each.  Many  of  these  had  to  be  broken  by  '*adobe" 
blasting  or  *^ bulldozing''  before  they  could  be  loaded  and  crushed, 
thus  adding  much  to  the  blasting  and  loading  costs.  Here  nature 
rendered  little  assistance  in  crushing  the  rock  and  rendering  it  more 
cheaply  available  for  lock  building,  as  it  had  done  in  the  case  of  the 
Ancon  Hill  rock.  Had  the  Porto  Bello  rock  been  well  jointed,  the 
United  States  would  have  profited  to  the  extent  of  many  thousands 
or  perhaps  millions  of  dollars.  This  quarry,  however,  did  good 
service  in  furnishing  large  bowlders,  which  were  used  to  face  the 
west  breakwater  at  Colon  Harbor. 

UNSATISFACTORY   HARD-ROOK  DEPOSrrS. 

In  June,  1913,  the  Isthmian  Canal  Commission  wished  to  find  a 
hard-rock  quarry  that  should  be  as  convenient  as  possible  to  Colon 
and  to  the  new  line  of  the  Panama  KaUroad.    Most  of  the  rock  areas 
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on  the  Canal  2k)ne  stand  up  as  ridges  or  hills.  One  of  these  ridges, 
2  miles  south  of  New  Frijoles,  was  ** spotted''  from  a  railroad  train. 
Then  trails  were  cut  to  it  and  a  few  small  strippings  made.  The 
rock  proved  to  be  basalt,  biit  subsequent  work  showed  that,  like 
nearly  all  the  basalt  masses  of  the  Canal  Zone,  it  was  much  jointed 
and  broke  into  fairly  smaU  fragments  on  blasting.  This  quality 
though  very  desirable  in  rock  to  be  used  for  concrete  or  road  work  ren- 
dered the  basalt  at  this  place  unsxiitable  for  facing  a  breakwater — 
the  chief  purpose  for  which  it  was  required — unless  reinforced  by 
large  heavy  bowlders.  Several  other  hard-rock  areas  were  examined, 
but  were  all  found  to  be  more  or  less  sheared  and  jointed,  so  that  they 
would  break  into  pieces  too  small  to  be  reaUy  suitable  for  warding 
off  the  attacks  of  sea  waves. 

SOSA   HILL. 

Sosa  Hill,  close  to  the  Pacific  entrance,  was  found  to  be  a  fairly 
solid  mass  of  andesitic  rock,  which  had  few  shear  joints  and  in  which 
the  shrinkage  joints  were  far  enough  apart  so  that  it  would  largely 
blast  out  in  pieces  weighing  some  tons  with  a  relatively  small  per- 
centage of  fine  material.  This  then  is  the  best  source  known  within 
the  Canal  Zone  of  material  for  armoring  against  heavy  sea  waves. 
However,  the  andesitic  rock  from  Porto  Bello  may  break  out  larger 
and  be  more  economical  for  this  purpose  than  the  product  from 
Sosa  Hill. 

CHAORES   RIVER   GRAVEL. 

The  gravel  for  railway  baDast  and  other  purposes  was  obtained 
froiji  the  Chagres  River  near  Gamboa  Bridge.  This  is  practically 
the  only  source  of  gravel  within  the  Canal  Zone.  The  lower  Chagres 
contains  too  much  alluvium,  and  in  the  upper  part  most  of  the  rocks 
are  too  hard  and  tough  and  the  streams  too  weak,  except  in  flood 
time,  to  furnish  much  gravel.  The  available  deposits  lie  between 
the  rocky  upper  and  the  alluvial  lower  parts  of  the  river  near  the 
railroad  bridge,  and  thus  convenient  to  transportation.  The  Chagres 
deposit  furnished  most  of  the  ballast  for  the  new  line  of  the  Panama 
Railroad. 

UNSATISFACTORY  GRAVEL  IN   CANAL   ZONE   STREAMS. 

The  Canal  Zone  streams  as  a  rule  do  not  yield  much  good  gravel  for 
the  following  reasons :  (1 )  They  are  too  short  and  most  of  them  rise  in 
ridges  of  hard  rock,  which  affords  relatively  little  material  that  they  can 
easily  wear  into  rounded  gravel;  (2)  except  in  the  flood  season  most  of  the 
streams  are  too  feeble  to  roll  stones  along  and  grind  them  into  rounded 
gravel;  (3)  in  the  wet  season,  after  heavy  rains,  the  streams  become 
raging  torrents,  which  tend  to  sweep  away  into  the  Chagres  River  or 
into  the  ocean  material  that  might  otherwise  be  a  source  of  gravel; 
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(4)  much  of  the  rock  traversed  by  isthmian  streams  is  soft  volcanic 
tuff  and  agglomerate  that  is  easily  converted  into  fine  sediment. 
This  forms  a  large  proportion  of  the  material  carried  by  the  streams 
during  flood  time,  and  in  the  lower  rivers  it  covers  and  obscures  much 
of  the  gravel  that  might  otherwise  be  available. 

STABIIJTY  OF  CANAL  FOUNDATIONS. 
GEOLOGIC  STBTTOTUBE  OF  FOUNDATION  BOCKS. 

GENERAL  CONSroERATIONS. 

Geologic  conditions  surrounding  the  foundations  of  heavy  struc- 
tures largely  determine  the  plan,  cost,  and  eflBciency  of  such  foimda- 
tions.  For  instance,  if  a  dam  is  built  on  a  foundation  rock  of  lime- 
stone leakage  may  occur,  and  that  leakage  if  not  remedied  is 
likely  to  increase,  because  limestone  is  slightly  soluble  in  ground 
water.  If  the  water  comes  from  a  surface  where  there  is  much 
decaying  vegetation,  its  solvent  power  is  greatly  increased  by  the 
increased  content  of  organic  acids  and  carbon  dioxide.  Wherever 
such  water  can  penetrate  a  crevice  in  limestone,  it  will  slowly  enlarge 
that  crevice,  .by  solution.  Consequently,  most  large  caves  occur  in 
limestone.  The  limestone  formations  on  the  Canal  Zone  locally  con- 
tain many  caves,  openings,  and  irregular  pitted  surfaces,  because 
the  decay  of  the  luxuriant  vegetation  there  gives  the  ground  water 
a  relatively  high  content  of  organic  acids  and  greatly  increases  its 
power  as  a  solvent.  Hence  considerable  care  is  necessary  in  locating 
a  dam  on  a  limestone  foundation  rock  in  order  to  be  sure  that  no 
leaks,  which  may  later  enlarge,  will  occur. 

If  a  masonry  dam  is  to  be  secured  to  the  foundation  rock  along  Its 
bottom  and  at  both  ends,  certain  geological  factors  must  be  con- 
sidered. If  the  rock  is  shaly,  thin  bedded,  and  cut  by  many  joints  or 
fault  planes,  there  is  danger  that  certain  blocks  or  sections  of  rock, 
or  the  upper  beds  to  which  the  dam  is  secured,  may  under  great  pres- 
sure slip  on  the  rocks  below  them  and  cause  the  dam  to  give  away. 
Along  many  fault  planes  and  along  some  bedding  planes  there  are 
smoothened  partings  that  readily  lend  themselves  to  slipping.  Fur- 
thermore there  is  not  only  the  pressure  of  the  water  against  the  wall  of 
the  dam,  tending  to  push  it  over,  and  thus  straining  to  widen  the  fissures 
in  the  foimdation  rock  to  which  the  dam  is  secured,  but  there  is  also  the 
hydrostatic  pressure  of  the  water  tending  to  force  itself  into  those  fis- 
sures and  bedding  planes  and  thus  to  exert  a  lifting  or  floating  strain 
on  the  dam  and  on  the  slabs  of  rock  to  which  the  dam  is  attached. 

Another  important  item  relating  to  dams  is  to  see  that  excessive 
leakage  does  not  occur  either  through  the  dam,  aroimd  the  founda- 
tons,  or  through  the  rim  of  the  dammed-in  basin.  In  order  to  ascertain 
what  the  percentage  of  leakage  will  be,  individual  tests  must  be 
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made.  The  procedure  should  be  about  as  follows:  (1)  An  accurate 
topographic  map  of  the  region  to  be  examined  should  be  made; 
(2)  the  geology  of  the  region  should  be  carefully  plotted  on  the 
topographic  map  and  on  sections,  not  only  from  surface  indications, 
but  from  borings  as  well,  the  number  of  the  borings  depending  on 
the  requirements,  the  surface  conditions,  etc.;  (3)  the  bore  holes 
and  any  test  pits  that  may  be  sunk  should  be  plotted  on  the  geologic 
map  and  all  data  as  to  elevation  of  the  ground  water  in  the  different 
holes,  flow  of  water  from  holes,  depth  at  which  water  is  encoimtered, 
character  of  material  passed  through,  character  of  jointing  and 
fissuring,  slope  and  thickness  of  all  the  beds,  hardness  of  material, 
etc.,  should  be  carefully  recorded;  (4)  the  fineness  or  coarseness 
of  grain  of  the  material  and  the  proportion  of  each  for  all  the  geologic 
units  should  be  carefully  determined  by  experiment;  (5)  the  per- 
meability and  absorptiveness  of  the  different  kinds  of  material 
shoiild  be  carefully  tested. 

For  very  heavy  structures  it  may  be  necessary  to  take  care  that 
none  of  the  foundation  piers  or  sills  are  set  on  a  faulted  or  crushed 
zone  in  the  rocks  or  on  any  locally  soft  area  that  would  settle  faster 
than  would  the  other  parts  of  the  foundation.  It  is  also  necessary 
to  be  sure  that  the  nature  of  the  foundation  rock  is  such  that  it 
will  not  be  subject  to  slow  swellings,  deformations,  or  sliding  move- 
ments toward  contiguous  excavations  or  valleys  or  toward  caves  or 
undei^roimd  openings. 

It  might  be  well  to  mention  here  another  rather  remote  con- 
tingency. In  planning  permanent  structures  of  great  cost,  such 
as  great  churches  or  other  delicately  adjusted  buildings  or  monu- 
ments, effort  should  be  made  to  avoid  biiilding  them  across  any 
major  fault  plane  showing  evidence  of  considerable  differential 
movement  in  recent  geologic  time.  A  differential  movement  of 
only  a  few  inches  along  a  fault  plane  might  almost  wreck  a  building, 
even  though  the  motion  were  slow  enough  not  to  produce  an  earth- 
quake. 

FOUNDATIONS  OF  THE  OATUN  DAM  AND  LOCKS. 

POSITION   OF  GATUN  LAKE. 

The  northern  rim  of  the  Gatun  Lake  Basin  is  formed  by  the 
Quebrancha  Hills,  which  are  a  few  hundred  feet  above  sea  level 
and  trend  northeast-southwest  in  a  well-defined  ridge.  The  sea- 
ward or  northern  slope  of  these  hills  is  relatively  gentle.  Their 
southern  or  Gatun  Lake  Basin  slope  is  much  steeper  and  is  a  rela- 
tively straight  line,  except  where  modified  by  stream  erosion.  They 
seem  to  be  monoclinal  and  give  strong  physiographic  evidence 
that  their  southern  escarpment  is  the  locus  of  a  large  fault.  Un- 
fortimately,  because  of  lack  of  outcrops,  no  definite  stratigraphic 
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evidence  cotild  be  obtained  on  this  point.  At  any  rate  no  part  of 
Gatun  Dam  and  no  part  of  the  locks  is  built  across  this  probable 
fault  zone,  so  that  the  locks  woiild  not  be  harmed  in  any  way  should 
fresh  differential  movement  or  faulting  occur  along  it.  A  glance 
at  the  map  comprising  Plate  IV  will  show  how  the  whole  drainage 
of  the  Gatun  Basin,  including  the  Chagres,  the  Trinidad,  and  the 
Gatun  Rivers,  joined  forces  and  emptied  out  into  the  Caribbean 
through  a  gap  in  the  Quebrancha  Hills  Utile  more  than  a  mile  wide. 
In  order  to  form  Gatun  Lake,  therefore,  it  was  necessary  only  to 
close  this  gap;  but  to  do  this  was  a  huge  task;  it  meant  the  build- 
ing of  the  Gatun  Dam. 

THREE  GREAT  QUESTIONS  INVOLYED  IN  DAM. 

With  the  project  of  this  great  dam,  three  questions  in  geologic 
engineering  presented  themselves.  They  were:  (1)  As  Gatun  Lake 
would  have  an  area  of  about  165  square  miles  and  would  be  85  feet 
above  sea  level  and  separated  from  the  Caribbean  by  only  a  few 
miles,  would  the  seaward  rim  of  this  lake  be  found  to  be  porous,  or 
composed  of  limestone  and  thus  result  in  leakage?  (2)  Would  the 
bedrock  be  adequate  in  strength  and  in  water-tightness  to  meet  the 
foundational  requirements  of  the  locks  and  damst  (3)  What 
would  be  the  best  type  of  dam  to  build  under  the  engineering  and 
geologic  conditions  involved  ? 

Regarding  the  first  of  these  questions  the  following  was  found 
to  be  true.  The  oceanward  rim  of  Gatun  Basin  was  found  to  be  in 
general  a  fine-grained  argillaceous  rock.  It  has  already  been  de- 
scribed as  the  Gatun  formation  (p.  25).  This  rock  is  so  fine  grained 
as  to  be  relatively  impervious.  It  contains  a  few  local  lenses  of 
gravel  and  conglomerate,  but  these  seem  to  be  discontinuous  and 
therefore  relatively  harmless  in  the  matter  of  allowing  leakage. 
Fortunately,  the  Umestone  locally  forming  the  upper  part  of  the 
rim  is  not  known  to  extend  below  the  85-foot,  or  lake,  level  in  any 
important  place.  If  it  did,  a  troublesome  leakage  that  might  rob 
the  lake  of  considerable  water  might  develop  in  it. 

The  second  question  was  also  answered  in  the  aflBrmative,  for  it 
was  foimd  that  the  Gatim  rocks  are  relatively  soUd  and  compact 
and  suitable  for  foundations  of  heavy  structures.  However,  some 
writers,  even  recently,  have  affirmed  that  the  Gatun  rocks  would 
soften  into  mud  when  Gatun  Lake  filled,  and  thus  the  locks  and  dam 
would  sink  their  foimdations  and  be  damaged  or  destroyed.  Opinions 
of  this  sort  spring  from  a  vivid  imagination  and  not  from  facts.  In 
the  first  place,  the  Canal  Zone  rocks  for  centuries  have  been  saturated 
with  all  the  water  they  can  hold;  nine  months  in  the  year  the  rains 
are  so  heavy  that  the  percentage  of  absorption  as  compared  with  the 
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run-off  is  small;  the  rocks  during  that  time  carry  all  the  water  they 
can  possibly  contain.  Secondly,  just  how  the  water  is  going  to 
separate  and  break  apart  the  minute  particles  of  a  fine-grained  rock 
which  are  cemented  together,  without  deforming  movements  to  grind 
and  disintegrate  the  rock,  is  difficult  to  imderstand.  The  Gatun  rock 
might  possibly  become  soft  through  deforming  movement  and  mixing 
with  water,  but  such  movements  are  impossible  where  there  is  no 
lateral  force,  but  only  a  downward  or  compressional  load  from  the 
weight  of  the  dam.  This  weight  will  tend  to  keep  the  rock  in  the 
same  solid  condition  in  which  it  originally  was  and  is  now.  Solution 
had  a  chance  to  complete  its  effects  centuries  before  the  dam  was 
built.  If  the  weight  of  Gatun  Lake  is  going  to  force  water  into  the 
Gatun  formation  and  cause  it  to  soften  into  a  semimud  that  will  allow 
the  dam  to  sink,  then  all  the  islands  in  Gatun  Lake  and  all  the  hills 
around  it,  which  are  of  the  same  formation,  should  also  have  their 
bases  softened  in  the  same  way,  and  sink  into  the  depths.  Reports 
that  the  Gatun  dam  and  locks  are  in  any  danger  from  sinking  have 
not  the  slightest  foundation  on  geologic  data. 

The  third  question,  as  to  the  best  type  of  dam  to  adopt,  was 
answered  by  the  application  of  a  few  simple  engineering  and  geologic 
principles.  It  was  recognized  that  the  cheapest  dam  would  be  one 
of  earth  and  rock.  Therefore,  instead  of  dumping  the  trainloads  of 
material  brought  from  Culebra  Cut  and  nearer  excavations  on  some 
spoil  bank,  they  were  diunped  on  the  Gatun  Dam.  In  other  words, 
this  dam  site  was  made  a  great  diunping  ground  where  many  trains 
could  run  out  and  have  their  loads  plowed  off  by  machine  unloadors. 
It  was  evident  that  if  the  base  was  made  broad  enough  the  dam  would 
be  amply  strong  to  resist  any  water  pressure  that  might  develop,  and 
would  be  nearly  as  secure  as  a  ridge  of  hills.  Also,  an  adequately 
wide  base  would  provide  a  satisfactory  foundation  for  the  dam.  In 
the  matter  of  water-tightness,  two  main  facts  were  evident:  If  the  dam 
was  high  enough  it  would  sink  into  any  local  areas  of  soft  and  spongy 
rock  or  soil  that  might  be  under  it,  and  thus  prevent  leakage  around 
its  base;  and  if  very  fine  material  could  be  calked  in  so  as  to  fiiU  the 
interstices  between  the  coarser  fragments,  the  dam  would  be  practi- 
cally water-tight.  It  was  to  be  nearly  half  a  mile  wide  at  its  base 
and  about  105  feet  high,  so  it  had  ample  base  area  for  its  elevation 
to  make  the  foundation  secure  and  to  resist  the  head  of  water  that 
Gatun  Lake  was  expected  to  develop.  In  order  to  get  the  interstices 
between  the  coarser  fragments  filled  with  fine  clay  so  as  to  make  the 
dam  water-tight,  the  outside  rims  of  it  were  built  of  coarse  material 
(fig.  5).  Then  suction  dredges,  operating  in  the  river  channels  and 
flats  on  either  side  of  the  dam,  pumped  mud  into  the  basin  thus 
formed.    This  drained  into  the  openings  between  the  larger  frag- 


42  ENOINEERISO   PB0BLEM8  OF  PANAMA  CANAL. 

meats  and  formed  a  thoroughly  compact  c«it6r  mass  or  core  which 
is  practically  water-tight.     Later  this  puddled  core  was  covwed  with 
coarse  material  as  a  aort  of  facing  and  the  water-line  area  of  the 
dam  was  faced  with  hard  basalt  fragments.     In  this 
general  way  a  spoil  dam  with  a  water-tight  clay- 
puddled  heart  was  built. 

DtfncvvnKB  WITH  htdraulic  nujNo  haterul. 

The  great  magnitude  of  this  dam  may  be  realized 

by  remembering  that  it  is  over  7,900  feet  long,  about 

2,000  feet  wide  at  the  base,  and  105  feet  high.    Figure  5 

shows  a  cross  section  of  it  and  givee.some  idea  of  its 

composition  and  plan.    One  of  the  construction  difii- 

u      culties  was  the  excessive  quantity  of  clay  in  the  hy- 

I     draulic  filling  material.    This  retarded  drainage,  and 

^     at  times  gave  some  difficulty  in  coveiing  the  puddled-in 

I      core  with  the  dry-fill  facing.     The  drainage  of   the 

S     core  material  was  assisted  by  20-inch  drain  pipes 

§     to  remove  the  surface  water  and  the  very  thin  mud 

J      from  the hydraxdic-fill  "pond"  orsurap.     By  varying 

5     the  depth  of  this  "pond"  a  greater  or  lesser  amount 

B      of  clayey  material  could  be  drained  off.     Aa  the  work 

°      progressed,  the  great  mass  of  the  dam  slowly  settled 

I  I      and  became  consoUdated,  and  now  seems  to  be  almost 

~     as  stable  aa  a  natural  ridge  or  hill. 

g  SOME   DETAILS   UF  LI)CK  CONSTRUCTION. 

I  The  locks  proper  are  founded  on  the  bedrock  of  the 

T      Gatun  formation,  but  the  guide  wall  that  extends  out 

H      into  Gatim  Lake  had  to  be  built  on  an  artificial  f  ounda- 

I      tion,  because  the  bedrock  is  here  about  150  feet  below 

■^     Hoa  level.    This  wall  is  cellular  and  is  built  of  reinforced 

concrete.    The  natural  ground  underlying  it  was  about 

8  feet  above  sea  level.     On  this  a  wide  fill  with  flat 

slope  was  made  up  to  an  elevation  of  35  feet.    Through 

this  fill  piles  about  60  feet  long  and  spaced  4  feet  apart 

from  center  to  center  were  driven  and  their  heads  were 

inclosed  in  a  heavy  reinforced  concrete  slab.    On  this 

the  wall  was  constructed.    Aa  the  work  progressed  a 

slow  settling  took  place;  however,  the  completed  wall 

is  now  practically  stable. 

For  the  construction  of  the  north  guide  and  flare  walls,  foimda- 

tional  excavations  to  doptlis  of  about  70  feet  below  sea  lev^  had  to 

be  made  before  bedrock  was  reached.     The  material  removed  was 

too  soft  to  permit  loading  with  steam  shov^  and  so  was  excavated 
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by  suction  dredgeS;  which  cut  their  way  in  from  the  old  French  canal. 
TThen  the  excavation  had  been  completed  the  dredges  were  taken 
out,  the  channel  they  had  made  was  dammed,  the  water  pumped 
out  of  the  excavation,  and  the  foundations  laid. 

Although  the  foundation  rock  of  the  Gatun  formation  is  relatively 
impervious  to  the  movements  of  ground  water,  stiU  it  does  not  abso- 
lutely prevent  seepage.  Therefore,  in  order  to  prevent  excessive 
h}rdrostatic  pressure  from  Gatun  Lake  on  the  bottom  floor  of  the 
lock  chambers,  the  flooring  of  the  upper  lock  was  made  strong  enough 
to  resist  full  lake  pressure.  Behind  the  remaining  lengths  of  lock 
walls  drainage  was  provided. 

The  details  of  how  experimental  dams  built  of  the  material  to  be 
used  in  the  completed  dam  were  made  and  tested,  also  of  the  manner 
of  building  the  Gatun  Dam,  may  be  found  in  the  annual  reports  of 
the  Isthmian  Canal  Commission,  particularly  the  report  for  1908. 

DESCRIPTION   OF  GATUN-LOCK  FOUNDATIONS. 

Concerning  the  character  of  the  lock  foundations  at  Gatun,  Howe  * 
writes  as  follows: 

Excavation  for  the  locks  will  be  almost  entirely  in  the  fine-grained  argillaceous 
sandstone  except  at  the  lowest  point  to  be  reached  at  the  extreme  southern  end, 
where  conglomerate  occurs  beneath  the  sandstones.  The  rocks  as  a  whole  are  well 
consolidated  and  make  excellent  cores  with  the  diamond  drill.  When  taken  out 
and  exposed  on  the  surface  they  remain  firm  and  hard;  in  rare  instances  they  have 
been  found  to  crumble  and  break  down  into  a  sandy  clay.  The  rocks  are  well  com- 
pacted and  capable  of  supporting  heavy  loads  when  confined,  but  being  poorly 
cemented  are  unable  to  withstand  erosion  and  should  be  fully  protected  where  such 
action  is  anticipated. 

On  account  of  the  very  considerable  amoimt  of  clay  present  in  all  of  the  rocks  it 
is  believed  that  they  will  prove  to  be  almost  entirely  impervious  to  water.  An 
exception  will  be  found  in  the  conglomerate  referred  to.  Although  this  rock  con- 
tains considerable  clay,  it  has  been  found  where  exposed  at  about  sea  level  in  test 
pit  No.  1  to  be  water  bearing.  On  April  1,  1907,  a  pump  discharging  about  12  gal- 
lons per  minute  was  just  able  to  hold  the  water  at  an  approximately  constant  level 
in  the  pit.  The  surface  of  the  conglomerate  exposed  in  the  sides  and  bottom  of  the 
pit  was  about  240  square  feet.  Wherever  this  conglomerate  is  encountered,  it  may 
be  expected  to  be  water  bearing  at  all  times.  In  the  test  pit  this  roclb  stands  in 
vertical  walls  without  timbering  and  as  long  as  confined  will  support  heavy  loads. 

In  order  to  obtain  some  idea  of  the  compression  that  might  take  place  under  loads 
equal  to  or  greater  than  those  due  to  the  weight  of  the  lock  walls,  a  freshly  exposed 
surface  of  the  aigillaceous  sandstone  near  test  pit  No.  1  was  leveled  and  smoothed 
by  means  of  a  file.  Upon  a  square  foot  of  this  surface  100  steel  rails,  representing  a 
weight  of  77,350  pounds,  were  balanced  upon  the  side  of  a  short  I  beam,  to  the  under- 
side of  which  a  casting,  having  a  smooth  surface  1  square  foot  in  area,  was  firmly 
bolted.  After  a  load  of  37,128  pounds  has  been  applied  a  settling  of  0.011  foot  was 
recorded,  measurement  being  made  by  means  of  a  Y  level  with  reference  to  a  pre- 
viously determined  bench.  From  this  point  on,  until  48  hours  after  the  full  load 
had  been  applied,  no  further  compression  was  noted.    It  is  probable  that  the  set- 

a  Howe,  Eraest,  Ann.  Rept.  Isthmian  Canal  Commission,  1908,  pp.  124-129. 
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tling  at  37,128  pounds  was  due  to  the  pressiiig  out  of  small  inequalities  on  the  pre- 
pared surface  and  that  no  measurable  compres^on  of  the  rock  mass  took  place.  The 
load  applied  to  the  square  foot  was  equal  to  537  pounds  to  the  square  inch,  more 
than  double  the  greatest  pressure  likely  to  be  brought  to  bear  upon  the  sandstones 
by  the  lock  walls. 

Further  tests  were  made  upon  small  pieces  of  rock  taken  from  different  test  pits. 
None  of  these  pieces  was  larger  than,  one-eighth  of  a  cubic  foot.  They  were  embedded 
in  sand  and  the  pressure  applied  to  smooth  surfaces  one-half  square  inch  in  area. 
Seven  tests  were  made  upon  pieces  of  conglomerate  taken  from  the  bottom  of  test  pit 
No.  1 .  Some  of  this  material  had  been  exposed  on  the  dump  for  20  days.  The  samples 
failed  at  pressures  of  from  250  to  1,625  pounds  per  square  inch;  the  mean  of  all  the 
tests  was  867  pounds  to  the  square  inch.  Nine  tests  were  made  of  the  argillaceous 
sandstone  taken  from  different  test  pits  at  the  lock  site  and  the  site  for  the  tempo- 
rary spillway.  Some  of  this  material  was  taken  from  the  walls  of  the  test  pits;  other 
pieces  had  been  lying  on  the  dumps  for  a  number  of  days.  The  samples  failed  at 
from  830  to  2,800  pounds  per  square  inch.  Two  samples,  both  of  which  had  been 
exposed  on  the  dump  for  several  days,  showed  no  signs  of  failing  when  under  pres- 
sures of  6,000  pounds  to  the  square  inch.  Considering  these  as  having  failed  at  6,000 
pounds,  the  mean  crushing  load  for  the  nine  tests  was  2,572  pounds  per  square  inch. 

INFLUENCE   OF  THE   OLD   CHAORES   RIVER   CHANNEL. 

As  already  explained,  the  Isthmian  land  during;  say,  middle  Pleis- 
tocene time  emerged  imtil  it  reached  an  elevation  of  at  least  375 
feet  above  present  sea  level.  As  the  land  went  up  the  stream  cur- 
rents were  increased  so  that  the  streams  cut  deep  narrow  gorg^  for 
themselves.  In  this  way  the  Chagres  River  intrenched  itself  some 
325  feet  below  present  sea  level.  After  the  emergence  reached  com- 
pletion a  slow  sinking  began  and  the  streams,  because  of  diminished 
velocity,  began  to  fill  their  channels  with  silt.  In  this  way  the  old 
Pleistocene  channel  of  the  Chagres  was  filled  so  that  its  presence  was 
levealed  only  by  borings  made  across  the  Chagres  Valley  at  Gatun 
and  at  Bohio,  where  dam  and  lock  sites  were  being  explored.  As  to 
the  character  of  the  material  which  now  fills  the  old  channel  or  Pleis- 
tocene valley  of  the  Chagres,  Howe  *  says: 

When  the  Chagres  had  succeeded  in  cutting  something  more  than  300  feet  below 
this  level,  the  land  b^an  to  sink  slowly  and  the  gorges  were  gradually  filled  with 
gravels,  sand,  silt,  and  clay.  At  different  horizons  in  these  alluvial  deposits  axe 
shells  and  trunks  and  brandies  of  trees  that  indicate  a  gradual  rather  than  a  sudden 
subsidence.    *    ♦    ♦ 

*  *  *  If  subsidence  takes  place  before  the  period  of  canyon  cutting  has  ceased, 
as  in  the  case  of  the  Chagres,  the  velocity  of  streams  is  checked  and  they  are  capable 
of  carrying  fine  material  only,  which  is  deposited  far  back  from  the  mouths.  In 
other  words,  one  should  expect  to  find  at  the  bottom  of  such  a  gorge  as  the  Chagres 
at  Gatun  a  comparatively  thin  deposit  of  coarse  gravel,  sand,  and  a  few  bowlders, 
while  the  greater  part  of  the  alluvium  should  be  of  the  finest  clay  and  silt  with  a 
certain  amount  of  fine  gravel  and  sand  mixed  with  it.  Such,  in  fact,  is  the  character 
of  the  alluvium  filling  the  gorge  of  the  Chagres,  as  shown  by  numerous  borings  made 
at  Gatun.  The  boring  records  indicate  considerable  sand  and  gravel  at  points  com- 
paratively near  the  present  surface;  it  is  unlikely,  however,  that  any  sand  or  gravel, 

a  Howe,  Ernest,  op.  cit.,  p.  127. 


ROCK  MATEBIAL  USED  IN   CANAL  CONSTRUCTION.  45 

unmixed  with  clay,  occurs  in  the  deposita  except  at  or  very  near  the  bottom.  The 
reason  for  the  boring  records  specifying  ''sand  and  gravel "  as  they  do,  is  that  when 
samples  are  taken  from  time  to  time  during  the  process  of  sinking  the  hole,  only 
the  coarsest  material  is  collected,  the  finer  clay  being  held  in  suspension  and  carried 
off  with  the  water  flowing  from  the  hole.  In  certain  of  the  holes  temporary  flows 
of  water  were  encountered,  but  after  a  few  hours  the  flow  invariably  ceased.  Such 
flows  are  believed  to  occur  when,  in  the  course  of  making  a  boring,  the  casing  is 
introduced  into  a  lenticular  deposit  of  sand  or  water-bearing  gravel  under  pressure 
from  the  overlying  beds.  The  sands,  being  surrounded  by  much  less  pervious  mate- 
rial, are  in  the  nature  of  reservoirs  in  which  water  is  stored  under  pressure,  and  when 
this  pressure  is  released  at  the  point  where  the  casing  enters  the  sands  water  may 
rise  to  the  surface,  if  under  sufficient  pressure,  and  flow  from  the  top  of  the  casing 
until  the  pressures  are  readjusted.  Far  from  indicating  porous  materials  underlying 
the  site  for  the  dam,  the  occurrence  of  such  flows  of  water  only  proves  the  extremely 
impervious  character  of  the  materials  lying  between  the  surface  and  the  water-bearing 
beds. 

As  a  foundation  for  an  earth  dam,  the  geological  facts  show  that  the  alluvium  filling 
the  Pleistocene  valley  of  the  Chagres  at  Gatun  will  be  entirely  satisfactory. 

The  rock  in  which  excavation  must  be  made  for  the  locks  is  firm  and  hard,  and 
only  slightly  permeable  to  water;  it  will  stand  in  vertical  walls  without  timbering 
and  will  support  loads  many  times  greater  than  those  to  which  it  will  be  subjected. 

Spillway  sites  1  and  2  in  the  Trinidad  drainage  are  at  low  divides  between  the 
Trinidad  and  streams  flowing  into  the  Carribbean.  The  rocks  at  these  two  points 
are  essentially  the  same  as  those  occurring  at  Gatun.  They  are  fpund  in  a  fresh 
condition  a  short  distance  below  the  siurface  and  have  about  the  same  hardness  as  the 
Gatun  rock. 

At  spillway  No.  3  the  borings  failed  to  discover  fresh  rock  at  the  depth  required 
for  foundation,  the  material  being  a  clay  of  decomposition  derived  from  rocks  probably 
the  same  as  those  at  the  other  two  spillways. 

FOUNDATIONS  OF  THE  PEDRO  MIGUEL  LOCKS. 

The  Pedro  Miguel  Locks  are  built  on  material  that  seems  slightly 
less  resistant  locally  than  the  foundation  rock  of  the  Gatun  Locks, 
and  may  show  local  differences  in  settling.  It  consists  of  the  upper 
member  of  the  Culebra  beds  described  on  pages  21  and  22  and  the 
andesitic  dikes  that  cut  them.  These  dikes  have  two  chief  influences 
as  follows:  (1)  They  are  harder  than  the  rocks  that  they  cut,  so, 
locally,  they  will  constitute  areas  of  minimum  setthng,  and  if  proper 
precautions  had  not  been  taken  they  might  give  rise  to  cracks  where 
the  concrete  structures  cross  them.  (2)  The  dikes  are  somewhat 
in  the  nature  of  walls  that  will  tend  to  lessen  the  seepage  through 
the  slightly  porous  sediments  that  they  cut.  They  would  greatly 
lessen  seepage  were  it  not  for  the  fact  that  they  are  considerably 
jointed. 

DESCRIPTION   OF  LOCK   SITES. 

Concerning  these  lock  sites  Howe**  says: 

Although  the  Culebra  beds  are  variable  in  texture,  those  in  which  excavations  for 
the  Pedro  Miguel  Locks  will  be  made  are  remarkably  uniform.  They  consist  of 
well-bedded  sandy  shales  containing  plant  remains  in  a  few  places,  and  at  some 

a  Howe,  Ernest,  op.  cit.,  p.  128. 
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horizons  lenticular  maases  of  concretionary  limestone  are  common.  The  physical 
properties  of  the  rocks  differ  but  little  from  those  of  the  rocks  at  Gatun.  Being  more 
aigillaceous  the  shales  are  naturally  less  permeable  to  water,  and  experience  in  siDk- 
ing  test  pits  showed  that  they  were  very  tough  and  required  more  blasting  than  did 
the  Gatun  rocks  under  similar  conditions.  This  greater  toughness  is  to  be  attributed 
to  the  argillaceous  nature  of  the  rock;  for  the  same  reason  their  compressive  strength 
is  probably  slightly  less  than  that  of  the  argillaceous  sandstone  of  Gatun. 

In  the  vicinity  of  Pedro  Miguel  the  Oulebra  beds  have  a  prevailing  dip  of  5*^  to  10^ 
to  the  southeast,  varied  by  sharp  local  folding;  moderate  fracturing  has  accompanied 
the  folding,  and  slickensides  are  shown  at  many  points  where  exposures  have  been 
made  by  recent  excavation. 

At  the  point  where  it  is  proposed  to  construct  the  lower  gates  a  dike  of  augite-andesite 
or  ''trap"  crosses  the  lock  site  in  a  direction  slightly  east  of  north.  It  has  a  widlk 
of  about  30  feet  where  exposed  on  the  southwest  side  of  the  cut,  and  its  contacts  with 
the  shales  are  clean  and  sharp.  On  the  northeast  side  of  the  cut  the  dike  turns  to 
the  north  and  the  contact  is  more  irregular,  small  apophyses  having  been  thrown  off 
into  the  shales.  The  Culebra  beds,  which  are  here  sharply  flexed  and  considerably 
fractured,  owe  their  deformation  to  some  extent  to  the  intrusion  of  the  dike;  the  dike 
itself,  however,  is  also  fractured,  and  slickensided  surfaces  within  its  mass  as  well  as 
in  the  shales  indicate  that  movement  has  taken  place  subsequent  to  intrusion,  accom- 
panied ,  it  is  believed,  by  minor  faulting  along  the  west  side  of  the  dike. 

These  structural  featiu'es  have  a  direct  bearing  on  the  character  of  the  foundations. 
The  dike,  on  account  of  its  fractured  condition,  which  borings  have  shown  to  exist 
below  the  lowest  points  to  be  reached  in  excavating  for  foundations,  will  be  permeable 
to  water.  The  shales  also  have  been  made  more  or  less  pervious  as  a  result  of  their 
deformation  and  consequent  fracturing.  On  account  of  this  fracturing  local  seepage 
of  surface  water  is  to  be  anticipated,  but  the  character  of  the  Culebra  beds  northwest- 
ward is  such  that  no  flow  of  water  is  likely  to  occur  through  them  even  when  the  canal 
in  the  summit  region  is  filled  with  water.  Although  the  general  dip  of  the  beds  is  to 
the  south,  borings  have  shown  the  rocks  to  be  the  clay  shales  in  large  part,  and  as  such 
not  water  bearing.  Furthermore,  several  intrusive  bodies  of  andesite  or  basalt  croas 
the  canal  line  between  Oulebra  summit  and  Pedro  Miguel,  which  will  e£fectually 
check  any  flow  of  underground  waters. 

The  difference  in  hardness  between  the  trap  rock  of  the  dike  and  the  much  softer 
shales  of  the  Culebra  beds  must  be  taken  into  account  in  planning  the  lock  walls. 
The  possibility  of  even  very  slight  differential  movement  in  the  zone  of  fracturing 
and  dblocation  in  the  dike  and  shales  adjacent  to  it  should  also  be  considered.  By 
constructing  the  lock  walls  in  sections,  damage  which  might  be  done  to  monolithic 
walls  as  a  result  of  such  movements  or  from  the  imequal  settling  of  foundations  of 
different  hardness,  will  doubtless  be  obviated. 

FOUNDATION  OF  THE  COROZAL  LOOKS  AND  DAM. 

The  Corozal  locks  and  dam  are  built  in  part  on  the  Caimito  foi^ 
mation,  described  on  page  25,  and  in  part  on  what  appears  to  be  the 
upper  layers  of  the  Culebra  formation.  It  is  somewhat  permeable 
but  gives  a  relatively  firm  foimdation.  Of  this  lock  and  dam  site, 
Howe**  says: 

The  rocks  that  underlie  the  alluvium  at  depths  of  from  30  to  60  feet  below  mean 
tide  are  sandy  shales  *  *  *  Rhyolite  tuffs  are  exposed  in  the  hills  at  the  north- 
ern end  of  the  dam  site. 

a  Howe,  Ernest,  op.  cit.,  p.  129. 
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Mechanical  analyees  of  samples  of  alluvial  materialB  collected  at  the  site  of  the 
Gorozal  Dam  and  from  the  sand  bars  in  the  bay  beyond  La  Boca  are  given  below. 
They  were  made  at  the  request  of  the  consulting  engineers,  Messrs.  Noble,  Steams, 
and  Freeman,  in  order  to  determine  the  permeability  of  these  materials  and  their 
availability  for  use  in  constructing  the  dams. 

Mechanical  aridlyses  of  sand  and  mvdfrom  La  Boca,  Canal  Zone. 
[Made  at  the  laboratory  of  the  United  States  Bureau  of  Soils.] 


Constituent. 


Organic  matter 

Fine  gravel,  2  to  1  mm 

Coarse  sand,  1  to  0.5  mm 

Medium  sand,  0.5  to  0.25  mm. 

Fine  sand,  0.25  to  0.1  mm 

Very  fine  sand,  0.1  to  0.05  ipin 

Silt,  0.05  to  0.006  mm 

Clay,  0.005  to  0  mm 


No.  of  sample. 

2 

3 

4 

5 

6 

Per  cent. 

Percent. 

Percent. 

Percent. 

PercenL 

0.8 

1.8 

0.8 

7.6 

6.8 

7.1 

1.1 

7.8 

3.1 

2.8 

14.9 

.8 

39.9 

.7 

8.3 

13.3 

.6 

26.8 

.9 

2.5 

42.2 

2.7 

11.0 

6.2 

23.6 

.8 

2.6 

.4 

8.4 

7.1 

1.4 

43.1 

4.7 

81.4 

25.9 

3.0 

49.2 

9.3 

54.4 

34.0 

PercenL 

2.1 

18.9 

21.2 

19.7 

16.7 

2.2 

9.0 

12.6 


No.  2.  Coarse  sand,  18  inches  below  surface,  sand  bar.  La  Boca. 

No.  3.  Alluvial  clay  firom  dredge,  one-fourtn  mile  south  of  dock.  La  Boca. 

No.  4.  Sand  from  river  bank,  near  north  end  of  Sosa-Corosal  I>am  site. 

No.  5.  Mud  from  surface  of  mud  flat  opposite  ship's  ways.  La  Boca  near  oil  station. 

No.  6.  Mud  from  dredse,  one-half  mile  south  of  dock.  La  Boca. 

No.  7.  Dry  sample,  hole  No.  14,  La  Boca  Dam,  elevation— 18.5, 20  feet  below  surface. 

FOUNDATION   OF   NEW  ADMINISTRATION   BUILDING,    BALBOA. 

The  new  administration  building  at  Balboa,  a  very  heavy  structure, 
was  built  on  a  little  hill  some  50  feet  or  so  above  the  flat  ground  in 
front  of  it.  One  comer  of  the  building  is  rather  close  to  a  steep 
slope,  so  it  was  thought  that  the  weight  of  the  structure  might 
cause  this  slope  to  slide,  and  thus  wreck  the  building.  It  was  said 
that  this  comer  of  the  building  rested  on  bowlders  and  clay  which 
might  not  support  the  added  weight.  The  writer  was  detailed  to 
investigate  this  matter.  He  found  that  the  supposed  bowlders  and 
clay  constituted  only  the  weathered  surface  part  of  a  jointed  rhyolite 
mass.  Weathering  had  progressed  from  the  surface  downward  along 
the  joint  planes,  thus  leaving  semirounded  unweathered  core  masses, 
which  looked  somewhat  hke  bowlders,  between  the  weathered  zones 
of  the  joints.  With  depth  the  weathering  grew  less  and  the  rock 
became  much  more  sohd,  so  that  the  building  was  in  no  danger 
whatever.  The  following  report,  covering  the  matter,  was  then  made 
by  the  author  to  the  chairman  and  chief  engineer  of  the  Isthmian 
Canal  Commission: 

The  rock  under  the  surface  soil  on  which  the  new  administration  huilding  at  Bal- 
boa stands  is  the  same  rhyolite  rock  that  forms  Ancon  Hill,  and  it  has  about  the  same 
degree  of  jointing.  The  fragments  of  this  rock,  between  the  joints,  are  strong  and 
tough.  Any  slides  that  might  occur  in  it  would  be  due  to  steepness  of  slope  and  would 
consist  in  a  mere  sloughing  off  of  loose  material.  There  would  be  no  deformation  or 
fiowagelike  movement  such  as  that  which  gave  rise  to  some  of  the  large  slides  in  the 
cut  near  Culebra, 
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Toward  the  surface  the  jointmg  in  this  rock  becomes  more  pronounced,  so  that  the 
individual  piecea  between  the  joints  are  separated  by  partings  of  earthy  material. 
They  thus  have  some  resemblance  to  a  mass  of  bowlders  mixed  with  clay.  In  reality, 
however,  this  is  not  a  bowlder-clay  formation. 

From  the  surface  downward  the  rock  becomes  much  less  jointed  and  much  more 
solid.  In  a  cut  of  any  depth  or  in  the  side  of  a  mountain,  this  rock,  under  its  present 
conditions  of  jomting,  would  maintain  itself  at  a  slope  of  2  on  1,  except,  of  course, 
the  top  covering  of  earth  and  broken  rock,  which  would  stand  only  at  a  much  flatter 
angle. 

Cross  sections  show  that  the  maximum  slope  from  the  basement  floor  to  the  foot  of 
the  slope  at  the  railroad  is  about  7  on  II.  This  then  is  well  within  the  limit  of  safety 
so  far  as  any  slides  are  concerned. 

Now,  what  effect  will  the  weight  of  the  building,  97  tons  per  column,  have  on  this 
mass  of  rock?  If  the  pier  foundations  have  been  put  down  below  the  earth  and  looec 
rock  to  the  relatively  solid,  though  much  jointed,  rock  below,  then  there  will  be  no 
danger  of  the  building  causing  any  slide  movement  here,  for  the  following  reasons: 

1.  This  rock  will  not  deform  or  flow  under  any  pressure  that  this  building  can  pos- 
sibly exert  on  it,  in  spite  of  the  fact  that  in  laige  masses  it  has  not  much  tensile  strength 
because  of  jointing.  No  amount  of  weight  that  need  be  considered  would  cause  a 
sinking  in  one  part  of  this  material,  with  a  corresponding  bulging  in  another  part. 

2.  At  any  slope  less  steep  than  2  on  I  this  rock  (apart  from  its  soil  and  loose  rock 
covering  near  the  surface)  would  stand  without  any  danger  whatever  from  sUdes. 
The  steepest  slope  from  the  basement  floor  to  the  railway  level  below  is  only  about 
7  on  11,  therefflEe,  the  margin  of  safety  is  ample. 

3.  Where  giwity  is  able  to  wedge  off  masses  of  rock  from  any  steep  slope,  then  any 
weight  added  to  such  rock  masses  will  increase  their  tendency  to  slide.  Where,  how- 
ever, the  slope  is  flat  enough  for  any  rock  mass  to  be  at  repose  on  a  solid  foundation, 
then  weight  (normal  to  the  horizontal)  added  to  it  will  decrease  its  tendency  to  slide. 
This  is  merely  a  special  application  of  the  principles  illustrated  by  the  parallelogram 
of  forces.  The  weight  of  the  building,  therefore,  will  in  this  case  not  increase  the 
tendency  of  this  slope  to  slide  because  the  slope  is  already  well  within  the  angle  of 
repose. 

4.  The  weight  of  the  building  will,  of  course,  increase  the  tendency  of  this  rock  to 
deform  and  bulge  up  at  the  base,  but,  as  already  explained,  it  is  strong  enough  to 
resist  any  comprcssional  pressure  that  could  possibly  be  brought  to  bear  on  it  by 
any  building. 

In  conclusion,  the  building  is  quite  safe  from  the  danger  of  sliding.  Of  course, 
this  memorandum  does  not  consider  the  question  of  the  possibility  of  uneven  settling 
of  any  part  of  the  building,  except  to  state  that  if  the  foundation  piers  have  been  put 
down  to  the  relatively  solid  (though  jointed)  rock  beneath  the  soil  and  loose-rock 
covering  there  will  be  no  noticeable  settling. 

SUDES. 

Culobra  Cut  is  a  vast  ditch  (Pis.  XII  and  XIII)  that  passes  through 
many  varieties  of  rock  in  the  9  miles  of  its  length.  Some  of  these 
are  weak  and  unstable,  and  where  the  slopes  of  the  cut  were  steep 
and  100  to  300  foot  high  the  weaker  rocks  locally  crushed  down  to 
flatter  slopes.  The  flatness  depended  on  the  material  involved,  but, 
whatever  the  material,  whenever  the  slope  got  flat  enough  the  sliding 
stopped.  At  no  time  did  the  engineering  staff  constructing  the  canal 
beheve  that  the  shdes  were  a  menace  to  the  ultimate  completion  and 
successful  operation  of  the  canal,  in  spite  of  the  fact  that  at  times 
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they  were  somewhat  troublesome.  They  nave  made  necessary  the 
excavation  of  about  30,000,000  cubic  yards  more  than  was  included 
in  the  first  estimates  for  Culebra  Cut,  but  they  have  not  in  the  past 
and  will  not  in  the  future  endanger  the  ultimate  success  of  the  canal. 
Because  of  their  importance  as  a  factor  in  canal  construction  they 
are  discussed  in  considerable  detail. 

ANALYSIS  OF  OOKDITIONS  LEADINQ  TO  SLIDES. 

The  following  information,  with  accompanying  illustrations,  has 
largely  been  given  by  the  author  in  a  paper*  read  before  the  Twelfth 
International  Congress  at  Toronto,  Canada. 

Any  excavation  in  the  earth's  crust  sets  up  stresses  in  the  con- 
tiguous rocks,  because  of  the  unbalanced  pressures  created  by  the 
substitution  of  atmospheric  pressure  for  the  greater  pressure  of  the 
material  excavated.  These  stresses  are  divisible  into  two  distinct 
groups,  as  follows:  (a)  Crushing  or  direct  gravity  stresses,  which  have 
a  maximum  effect  near  the  toe  of  the  steep  slope  of  the  excavation; 
and  (b)  tensional  or  flowage  stresses,  also  due,  though  less  directly, 
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FiouBE  6.— Diagrams  showing  resultants  of  deformative  pressures. 

to  gravity,  which  exert  a  horizontal  strain  toward  the  excavation 
and  give  maximum  deformation  near  the  surface  (see  fig.  6).  Now, 
what  might  be  called  the  resultant  (c,  fig.  6)  of  these  two  groups  of 
stresses  may  for  convenience  be  called  the  straining  or  slide-producing 
factor. 

Two  major  classes  of  excavation  set  up  strains  in  their  slopes,  or 
in  the  continguous  rocks,  which  may  result  in  slides.  They  are  those 
due  to  processes  of  nature,  as  stream  erosion,  solution,  and  fault 
escarpments,  and  those  due  to  works  of  man,  chiefly  open  cuts,  under- 
ground openings,  and  submarine  excavations.  The  extent  to  which 
any  excavation  will  cause  sliding  or  deformation  of  the  contiguous 
rock  material  depends  on  the  following  factors: 

1.  Crushing  and  tensile  strength  of  large  masses  of  the  material 
involved.  These  factors  vary  according  to  (a)  the  strength  of  the 
small  component  masses,  (b)  the  character  of  the  jointing,  (c)  the 
character  of  the  bedding,  and  (d)  the  fault  conditions. 

2.  Physical  and  chemical  character  of  the  rock  imits. 

. — _ —  ♦  — — ■ 

a  MacDonald,  D.  F.,  Excavation  deformations:  Trans.  12th  Int.  Qeol.  Cong.,  1913,  Ottawa,  Canada. 

97348^— BuU.  86—15 i 


50  BNQINEEUNa   FR0BLBM8  OP  PANAMA  CANAL. 

3.  Amount  and  character  of  the  groimd  water. 

4.  Earth  tremors  set  up  hy  earthquakes,  blasts,  passage  of  railroad 
trains,  or  other  causes. 

5.  Other  factors,  as  (a)  heavy  structures  contignous  to  excaTa> 
tions,  (b)  water  freezing  in  rock  openings  and  wedging  (^  roek  masses, 
(c)  variation  of  barometric  pressure,  and  id)  earth  stnuna  from  the 
kneading  of  tidal  pull. 


If  a  rock  has  high  crushing  strength,  with  few  joint  or  other  part- 
ing planes,  the  exposed  face  will  stand  almost  perpendicular,  without 
shearing  or  slipping,  at  any  height  with  which  we  need  to  have  con- 
cern. If  it  has  high  crushing  strength  in  small  solid  fragmoits,  but 
is  much  cut  by  joints,  fauHs,  or  bedding  [danes  it  wiU  not  deform  ot 
flow  but  will  slough  off  masses  from  steep  places  until  a  eert«an  angle, 


FiQUBE  7.~IdeaI  cross  aedJon  to  Illustrate  excsTsckm  driormatlMU.  a.  Width  ot  una  of  ddormaUoo, 
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which  might  be  called  the  angle  of  repose,  is  attained.  Fissures, 
faults,  or  bedding  planes  that  incline  toward  the  excavation  and  i 
intersect  its  slopes  are  planes  of  weakness  and  promoters  of  slides,  | 
especially  if  the  bedding  planes  have  shale,  lignite,  or  other  greasy 
rock  partings,  or  if  the  fault  planes  are  filled  with  clay  or  slippery 
talcose  material.  Even  if  such  partings  are  horizontal,  relatively 
Ught  back  pressure  may  push  the  material  that  rests  on  them  out 
into  the  excavation.  Beds  of  dense,  relatively  impermeable,  greasy 
clay  which  slope  toward  an  excavation  are  especially  likely  to  allow 
any  material  that  may  rest  on  them  to  slip  off  th^  moist  ioclined 
surface. 

If  a  rock  has  low  crushing  strength,  movement  may  manifest  itself 
as  a  deformation  or  sinking  near  the  excavation,  with  a  slight  ad- 
vance of  the  lower  slope  toward  the  excavation,  and  a  bul^g  of 
the  bottom  (see  dotted  line,  fig.  7),  Similar  movements  have  occurreJ 
in  the  Culebra  CXit.     In  most  instances,  however,  such  a  movemeoi 
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is  only  one  stage  of  disturbances  that  later  end  in  slides,  especially 
if  the  excavation  toward  which  they  are  strained  be  deepened.  If 
a  plane  such  as  ef  (fig.  7)  be  imagined  to  extend  from  the  toe  of  the 
slope,  e,  through  the  point  of  farthest  deformation,  this  plane  may  not 
be  the  final  slope  at  which  the  material  will  ultimately  come  to  rest, 
for  such  a  flat  slope  might  never  be  attained  by  sliding.  On  the 
other  hand,  it  is  not  the  limiting  plane  below  which  deformation  or 
movement  of  the  rocks  will  not  take  place,  for  in  certain  of  the 
Culebra  Cut  slides  movement  well  below  such  a  plane  has  disturbed 
and  weakened  the  slopes  (figs.  7  and  8  and  PI.  XIY).  The  term 
''angle,"  as  appUed  to  the  measure  or  extent  of  excavation  deforma- 
tions, is  apt  to  be  misleading,  so  the  notation  explained  below  is 
now  much  used  by  engineers. 

If  an  excavation  200  feet  deep  causes  a  deformation  in  the  con- 
tiguous rocks  to  a  distance  of  500  feet  in  a  horizontal  direction 
from  a  vertical  line  at  the  toe  %i  the  slope,  e,  shown  in  figure  7,  the 
phenomenon  may  be  designated  as  an  excavation  deformation  of  200 
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FiouBB  8.— Ideal  cross  seoUon  to  illustrate  canalward  deformation  movements. 

on  500  feet.  This  designation  indicates  not  only  the  depth  of  the 
excavation  and  the  width  of  the  zone  of  deformation,  but  also  the 
angle  of  what  may,  in  sand  for  instance,  be  the  final  slope  or  angle 
of  repose.  Engineers  now  often  refer  to  slopes  as  being  1  on  1,  1  on  2, 
etc.,  meaning  1  unit  up  and  1  or  2  imits  over.  The  designation, 
however,  is  a  measure  only  of  the  angle  of  slope  imless  the  actual 
niunber  of  units  of  depth  of  excavation  and  width  of  deformation 
zone  are  given.  If  the  rock  has  a  low  tensile  and  crushing  strength, 
conditions  would,  in  the  absence  of  excessive  mobility  through 
ground  water  or  other  causes,  approach  those  of  a  talus  dope  or  an 
excavation  in  sand,  where  the  slopes  would  be  permanent  when  they 
had  reached  the  '* angle  of  repose"  for  the  material  involved. 

INFLUENCE  OF  PHYSICAL   AND  CHEMICAL  CHARACTER  OP   ROCK  UNITS. 

Excavation  slopes  in  very  soft  rocks,  especially  very  fine-grained 
and  compact  argillites  and  clays,  may  remain  almost  vertical  until 
the  excavation  reaches  a  depth  of  50  to  125  feet,  or  imtil  the  im- 
balanced  pressure  is  great  enough  to  cause  them  to  deform.    This 
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deformation  destroys  the  stability  of  their  dayey  cementing  material, 
loosens  them  for  the  invasion  of  quantities  of  groimd  water,  which 
their  fineness  of  grain  had  excluded  previous  to  deformation,  and 
induces  muddiness  and  mobility,  so  that  the  slope,  originally  almost 
perpendicular,  may  break  back  to  1  on  10.  Deformations  closely 
approaching  this  have  occurred  in  Culebra  Cut  in  some  of  the  volcanic 
day  rocks. 

Excavations  that  change  the  level  of  the  water  table  may  weaken 
the  surrounding  rocks  by  dissolving  and  loosening  their  more  soluble 
parts,  especially  in  a  region  of  abimdant  vegetation,  where  the  ground 
water  contains  much  carbon  dioxide  and  organic  acids.  On  the 
Canal  Zone  the  limestones  contain  many  caves,  small  caverns,  en- 
larged joints,  and  pitted  surfaces,  evidences  of  comparativdy  rapid 
solution.  The  volcanic  day  rocks,  particularly  those  of  the  Cucu- 
racha  formation,  crumbled  rapidly  when  they  were  dug  from  Culebra 
Cut  and  exposed  to  weathering  action.  Bowlders  of  this  soft  rock  2 
or  3  feet  in  diameter  have  crumbled  into  day  in  less  than  a  year. 

The  crumbling  seems  to  bo  due  to  two  causes:  First,  the  outer 
layers  of  these  clay  rocks  may  absorb  rain  water  and  heavy  dews, 
and  subsequently  be  dried  out  by  the  hot  sun.  It  is  known  that  after 
having  been  once .  dried  out  most  clay  rocks  have  their  absorbing 
capacity  increased  much  beyond  what  it  was  before  drying  took 
place.  By  this  process  of  absorption  and  drying  out,  soluble  salts 
are  leached  out  and  are  sometimes  deposited  on  the  outside  of  the 
rock  as  barely  noticeable  white  coatings  or  as  scattered,  minute, 
translucent  crystals.  These  seem  to  be  largdy  magnesium,  iron, 
and  calcium  sulphates.  This  wetting,  drying,  and  leaching  loosens 
up  the  small  individual  grains  and  they  drop  off,  thus  removing  layer 
after  layer  imtQ  the  whole  rock  is  disintegrated.  Second,  oxidation, 
which  gives  an  increase  of  volume  and  increases  the  tendency  to  dis- 
integrate, may  occur.  These  rocks  have  a  considerable  percentage 
of  ferrous  iron  (up  to  3.7  per  cent),  which  is  somewhat  oxidized  to  the 
ferric  condition  by  contact  with  the  atmosphere  and  with  oxygen- 
bearing  rain  water. 

EFFECT  OF  GROUND  WATER. 

Ground  water  in  clay  or  in  weak  clayey  rocks  is  an  extremely  im- 
portant slide-producing  factor.  The  chief  ways  in  which  it  aids  in 
the  deformation  of  rock  masses  are  as  follows:  (1)  By  greatly  in- 
creasing the  mobility  and  shppery  character  of  the  rock  material; 
(2)  by  adding  weight  to  a  rock  mass,  which  may  already  be  strained 
toward  an  excavation;  and  (3)  by  weakening  a  rock  through  solution 
and  softening.  If  a  relatively  porous  material  rests  on  top  of  rela- 
tively impervious  rock,  especially  if  the  contact  between  the  two 
slopes  toward  an  excavation,  ground  water  or  rain  will  add  weight 
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to  the  porous  mass  by  filling  its  interstices.  It  will  also  soften  and 
weaken  the  porous  material  and  greatly  decrease  its  adhesive  grip 
on  the  sloping  surface  of  the  relatively  impervious  rock.  The  water 
will  descend  through  the  porous  material,  but  wiU  be  deflected  by 
the  relatively  impervious  rock;  and  on  this  impervious  surface  will 
be  deposited  the  mud  particles  and  other  lubricating  material  gathered 
by  it  in  descent.  The  contact  thus  becomes  a  slippery  zone  that 
greatly  promotes  slides.  Even  capillary  water  in  a  weak  rock  is  a 
soin-ce  of  danger,  especially  in  fine-grained  rocks,  for  with  deforma- 
tion much  of  the  capillary  water  may  be  forced  into  shear  planes,  thus 
giving  them  increased  lubrication.  In  estimating  the  sliding  or  de- 
forming tendencies  of  a  rock  careful  determinations  of  its  water  con- 
tent should  be  made,  both  fresh  and  air-dried  samples  being  used. 
The  most  troublesome  slides  of  Culebra  Cut  were  in  fine-grained  basic 
volcanic  shales  and  argillites  of  fairly  massive  character.  These, 
after  having  been  air-dried,  show  6  to  17  per  cent  of  water  and  con- 
tain considerable  finely  divided  chlorite,  a  hydrous  mineral.  Two 
samples  from  the  Cucuracha  formation — the  formation  in  which 
maximum  sliding  has  developed — ^were  analyzed  in  the  United  States 
Geological  Survey  laboratory.  They  showed  12.26  and  9.47  per  cent 
of  water  when  heated  below  100°  C,  and  5.41  and  6.71  per  cent 
when  heated  above  100°  C.  Any  considerable  percentage  of  chlorite 
particles  is  an  important  weakening  factor  in  rocks,  and  one  that 
renders  them  slippery  and  unstable. 

EFFECT  OF   EABTH  TBEMOBS. 

Earth  tremors  cause  deforming  movements  in  rock  masses.  Many 
earthquakes  cause  landslides  and  rock  deformations.  Heavy  blasts 
also  generate  earth  waves  that  loosen  and  weaken  excavation  waUs 
and  greatly  increase  their  tendency  to  slide.  A  blast  generates  two 
sets  of  vibrations,  one  transmitted  through  the  earth,  the  other 
through  the  atmosphere.  The  atmospheric  vibrations  travel  seem- 
ingly with  the  same  velocity  as  sound,  the  earth  vibrations  much 
faster.  Surface  blasts  expend  a  greater  proportion  of  their  energy 
in  atmospheric  vibrations  than  do  deep  blasts.  Hence,  surface  blasts 
make  much  more  noise  and  jar  houses  more  than  deep  blasts,  but 
they  have  little  iofluence  in  causing  slides.  On  the  other  hand,  the 
tremors  created  by  a  deep  blast  help  to  bring  down,  even  at  a  con- 
siderable distance  from  the  explosion,  rock  masses  already  danger- 
ously strained.  Two  large  blasts  in  Culebra  Cut  gave  the  following 
approximate  vibration  records:  A  blast  of  2,250  pounds  of  dynamite, 
exploded  in  14  holes  24  to  28  feet  deep,  gave  a  maximum  amplitude  of 
20  millimeters.  Another  blast  of  5,370  pounds  of  dynamite,  exploded 
in  48  24-foot  holes  at  about  the  same  distance  from  the  instrument, 
gave  an  amplitude  of  28  millimeters.     These  records  were  made  on 
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an  imperfect  instrument  improvised  by  C.  M.  Saville,  one  of  the 
engineers.  Its  magnification  was  about  10,  so  that  the  amplitudes 
of  the  earth  waves  set  up  by  the  blasts  were  about  2  and  2.8  milli- 
meterSy  respectively,  quite  enough  to  damage  seriously  a  steep  slope 
of  brittle  rocks  already  heavily  strained.  Vibrations  from  railway 
trains  may  also  damage  slopes  that  are  already  in  danger  of  sliding. 

EFFECT  OF  OTHER  FACTORS. 

Heavy  structiu'es  contiguous  to  excavations  greatly  increase  the 
tendency  to  slide  or  cave,  as  subway  and  foundation  engineers  well 
know.  The  wedging  off  of  rock  masses  by  the  freezing  of  water  in 
joints,  fissures,  and  interstices  is  familiar  to  all  geologists  who  have 
studied  talus  slopes  in  temperate  climates.  Earth  strains,  originating 
from  the  variation  of  barometric  pressure  and  the  kneading  of  tidal 
pull,  should  not  be  ignored  in  the  study  of  excavation  deformations. 
One  is  apt  to  foi^et  that  the  maximum  variation  of .  atmospheric 
pressiure  near  sea  level  may  be  more  than  4,000,000  tons  per  square 
mile.  So,  if  the  adjustment  of  atmospheric  pressure  in  a  very  large 
cave  or  mine  lags  behind  any  quick  increase  in  atmospheric  pressure 
at  the  surface,  a  considerable  strain  may  be  added  to  the  roof  of  such 
an  excavation. 

TYPES  OF  SLIDES  0&  DEFOBKATIONS  IN  CXTLEBBA  CITT. 

In  Culebra  Cut  there  were  four  distinct  types  of  shdes,  or  excava- 
tion deformations,  as  follows:  (1)  Structural  breaks  and  deformations; 
(2)  normal  or  gravity  slides;  (3)  fault-zone  slides;  and  (4)  surface 
erosion.  , 

STRUGTUKAL  BREAKS   AND  DEFORMATIONS. 

GENERAL  DESCRIPTION. 

The  lai^est  and  most  important  sUdes  developed  from  structural 
breaks  and  deformations.  Fortunately,  they  occurred  only  near 
Culebra  in  a  section  of  the  cut  not  much  over  a  mile  long.  These 
deformations  first  manifested  themselves  by  the  appearance  of  one  or 
of  a  set  of  cracks  or  fissures  (fig.  4)  parallel  or  somewhat  oblique  to 
the  edge  of  the  cut,  and  from  a  few  yards  to  some  hundreds  of  yards 
back  from  it  and  from  each  other.  Some  of  them  were  traceable  on 
the  surface  for  several  hundred  yards  and  gradually  developed  into  per- 
pendicular crevices  up  to  one-third  of  a  yard  wide  and  many  yards 
deep.  The  second  stage  of  this  phenomenon  consisted  in  the  settling 
or  tilting  of  these  big  block  masses  that  had  been  divided  from  each 
other  by  the  fissures.  This  movement  was  a  slight  and  ahno^  even 
settling  (0.1  to  1  yard)  of  the  block  or  blocks,  or  a  tilting  of  them 
toward  the  excavation,  or  both.  Some  of  the  blocks  sank  a  little 
in  front  and  tilted  up  in  the  rear  so  that  they  were  a  yard  above  the 
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front  part  of  the  block  behind.  The  third  and  last  stage  consisted  in 
the  dropping  downward  of  the  front  block,  owing  to  the  failure  and 
squashing  out  of  its  base.  The  whole  block  then  disintegrated  and 
sloughed  down  into  the  excavation.  This  last  stage  ran  its  course 
in  a  few  hours  to  a  few  days;  the  other  stages  required  some  months 
or  more  than  a  year  to  reach  completion.  The  movements  of  the 
last  and  of  the  second  stages  were  often  accompanied  by  bulging  of 
the  bottom  and  of  the  lower  slopes  of  the  excavation  (see  figs.  7  and 
8  and  PI.  XIV). 

CAUSBS. 

This  type  of  deformation  was  due  to  a  primal  cause,  the  unstable 
geologic  condition  of  the  rocks,  and  an  immediate  cause,  the  over- 
steepness  and  height  of  the  slopes,  the  blasting,  and  other  work 
attributable  only  to  man.  The imstable  condition  of  the  rocks  resulted 
from  several  geologic  factors,  chief  among  which  were:  (1)  The  for- 
mations involved  consist  of  soft,  weak  rocks,  comprising  massive, 
partly  indurated  volcanic  clays,  friable,  bedded  tu£Fs,  and  soft, 
brittle,  and  slippery  lignitic  shales,  aQ  with  a  relatively  high  ground 
water  content.  These  rocks  have  low  cohesion  and  crushing  strength. 
They  are  so  weak  and  imstable  that  locally  the  imbalanced  pressiu'e  at 
the  foot  of  the  high  slopes  was  often  greater  than  the  resisting  strength 
of  the  rock.  This  condition  induced  deformation,  with  accompanying 
slow  flowagelike  movement,  and  at  times  a  bulging  in  the  bottom  of 
the  cut  in  front  of  the  slide  (PI.  XIV).  (2)  The  rocks  have  been 
further  weakened  by  faulting  and  by  joint  and  bedding  planes. 
Shearing  zones,  due  to  faulting,  trend  across  the  canal,  as  shown  in 
Plates  XV,**  XVI,  XXV,  and  figure  1.  The  grinding  movement  of  the 
rock  masses  against  each  other  along  the  faults  has  been  sufficient  to 
shear  and  crush  them  for  several  feet  on  both  sides  of  the  planes  of 
movement.  •  These  crushed-rock  zones  greatly  weakened  the  slopes. 
(3)  Deforming  movements  caused  much  rupturing  of  the  weak  rocks 
so  that  from  a  dense,  fine-grained,  relatively  impervious  condition 
they  locally  became  much  sheared  and  subject  to  invasion  by  large 
quantities  of  ground  water  which  tended  to  leach,  oxidize,  and  dis- 
integrate them.  (4)  Lignitic-shale  beds,  especially  those  dipping 
toward  the  excavation,  were  planes  of  weakness  along  which  there 
was  a  strong  tendency  for  the  overlying  material  to  slip.  (5)  The 
presence,  too,  of  a  considerable  proportion  of  chlorite  particles  in  the 
volcanic  clay  rocks  tended  to  lubricate  the  mass. 

The  second  or  immediate  cause  of  this  type  of  slide  was  chiefly 
the  oversteepness  of  slopes  where  the  banks  were  high  and  the  roclra 
weak  and  more  or  less  saturated  with  ground  water.    In  an  excava- 

a  Fonnerly  pnbUahed  by  the  author  in  an  artide  on  "Slides  in  the  Culebra  Cut  at  Panama,''  Eng. 
R«OQrd,  voL  M,  August,  1913,  pp.  228-388. 
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tion  through  granite  the  slopes  or  walls  might  be  made  perpendicu- 
lar for  depths  of  several  thousand  feet  without  their  crushing  in, 
but  if  such  excavation  were  carried  to  a  depth  of  several  miles, 
perpendicular  walls  could  not  be  maintained  even  in  granite,  for  the 
unbalanced  pressure  at  the  foot  of  such  walls  would  exceed  the  crushing 
strength  of  the  rock  and  collapse  of  the  lower  part  of  such  excavation 
would  result.  The  critical  depth  and  steepness  for  the  rocks  involved 
have  locally  been  exceeded  in  Culebra  Cut.  The  earth  vibrations 
set  up  by  deep,  heavy  blasting,  near  slopes  already  under  a  severe 
strain  and  carrying  much  ground  water,  have  had  a  strong  tendency 
to  develop  slides.  The  geologic  conditions  were  not  sufficiently  con- 
sidered in  the  first  plans  for  digging  Culebra  Cut. 

REMEDIES. 

For  this  type  of  slide  tnere  was  only  one  remedy  that  had  utili- 
tarian value  under  the  conditions  involved,  and  that  was  applied. 
It  consisted  in  making  the  slopes  less  steep  by  removing  material 
from  their  upper  parts  until  the  unbalanced  pressure  at  the  foot  of 
the  slope  became  less  than  the  crushing  or  deforming  strength  of 
the  rock.  To  do  this,  steam  shovels  were  put  on  the  banks  to 
terrace  them  back  on  either  side  of  the  cut  and  relieve  the  strained 
condition  (see  Pis.  XVII  and  XVIII).  At  first  sight  it  might  seem 
preferable  to  have  let  the  slides  come  into  the  excavation  and  to 
have  shoveled  them  gut  from  the  bottom  until  permanent  slopes 
were  reached,  thus  saving  the  expense  of  much  blasting.  But 
deformations  of  this  kind  weakened  the  rocks  far  below  the  bottom 
of  the  excavation  (see  figs.  7  and  8),  and  this  weakened  material 
would  stand  only  at  a  much  flatter  slope  than  was  necessary  before 
it  became  loosened  and  disintegrated  by  deformative  movements. 
I\irther,  as  each  block  or  mass  crushed  down  it  generally  left  behind 
not  a  gradual  slope,  but  a  steep  face  12  to  25  yards  or  more  high, 
which  greatly  assisted  in  the  generation  of  other  slides.  The  addi* 
tional  expense  and  difficulty  of  shifting  and  adjusting  the  railroad 
tracks,  the  air  pipe  lines,  the  drainage,  etc.,  were  also  involved.  Time 
figured  as  a  causal  factor  in  these  large  sUdee  and  deformations,  for 
some  of  them  ran  their  course  in  a  few  weeks  or  months,  but  otiiers 
showed  cracks  for  many  months  or  even  for  years  before  sliding. 
Such  fissures  were  sources  of  weakness  which  sooner  or  later,  with 
the  deepening  of  the  cut,  became  troublesome,  unless  remedied  by 
the  reduction  of  the  slopes. 

SUDES  IN  GOLD  BILL  AND  CONTRACTORS  HUX  NOT  LIKSLY. 

The  highest  and  steepest  parts  of  Culebra  Cut,  namely.  Gold  Hill 
and  Contractors  Hill,  did  not  deform  and  crush,  because  they  are 
composed  of  relatively  strong  rocks  of  volcanic  origin..  These  more 
solid  rocks  extend  down  deep  into  the  earth  and  thus  constitute  vast 
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unyieldiiig  buttresses  against  slides  in  a  section  that  would  otherwise 
be  most  susceptible  to  them.  Of  coiffse  rock  loosened  by  jointing, 
due  in  part  to  weathering  and  in  part  to  former  heavy  blasting,  from 
time  to  time  sloughed  off  from  these  hard  rock  masses,  but  on  the 
whole  they  have  stood  solid  and  immovable. 

YARDAGE   OF  THE  CHIEF  SLIDES  CAUSED  BT  STRUCTURAL  BREAKS. 

The  chief  slides  due  to  structural  breaks  have  taken  place  in  that 
part  of  Culebra  Cut  lying  between  Grold  Hill  and  Empire*  Bridge. 
On  the  west  side  in  this  section  of  the  cut  sliding  began  in  October, 
1907,  and  extended  so  that  in  all  over  70  acres  of  material  moved  or 
was  seriously  cracked.  This  movement  necessitated  the  removal  of 
over  11,000,000  cubic  yards  more  than  was  comprised  in  the  first 
estimates.  This  amount,  of  course,  included  the  material  removed 
from  the  upper  part  of  the  slopes  in  order  to  make  them  less  steep 
and  more  stable.  Sliding  began  on  the  east  side  in  this  section  of 
the  cut  about  January,  1907.  In  all  some  55  acres  of  land  surface 
has  been  in  motion  here  since  then,  adding  close  to  8,000,000  cubic 
yards  to  the  first  estimates.  The  relieving  process  on  this  part  of 
Culebra  Cut  is  at  this  date  (January,  1914)  not  yet  quite  complete, 
and  a  considerable  amount  still  remains  to  be  moved  before  perfect 
stability  of  slopes  will  prevail. 

The  structural-break  type  of  slide  is  therefore  responsible  for  the 
movement  of  about  19,000,000  cubic  yards  of  material  over  and 
above  that  included  in  the  first  estimates. 

FRBVIOnS   STATEMENT  REGARDING  STABILITY  OF  HIGHEST  PARTS   OF  CULEBRA  CUT. 

Before  the  subject  of  the  structural-break  type  of  sUde  is  left,  it 
might  be  well  to  set  forth  the  salient  features  of  a  memorandum  re- 
garding the  stability  of  the  places  of  maximum  height  of  slope  in  the 
Culebra  Cut,  especially  at  Gold  Hill  and  Contractors  Hill.  The  mem- 
orandum was  prepared  by  the  author  in  the  fall  of  1911  in  response 
to  a  more  or  less  current  opinion  to  the  e£Fect  that  these  bilk  would, « 
because  of  their  great  height  and  steepness,  deform  their  bases  and 
crush  down  into  Culebra  Cut  as  great  structural-break  slides.  An 
examination  of  the  geologic  conditions  showed  that  such  would  not 
be  the  case,  as  mentioned  in  the  excerpts  that  follow. 

Three  sections  are  shown  on  Plate  XY,  namely:  A-B,  Gold  Hill,  through  Contrac- 
tors HiU,  to  the  lava  slopes  beyond  the  Panama  Bailroad;  A-0,  Gold  Hill  to  Mount 
Zion  Reservoir;  and  B-E,  from  a  point  northwest  of  Col.  Hodges's  house  to  Contrac- 
tors HiU.  These  sections  are  drawn  to  depths  of  about  200  feet  below  sea  level.  The 
rocks  shown  at  that  depth  are  known  to  occur  there  from  the  fact  that  they  outcrop  at 
certain  angles  on  both  aides  of  Gold  and  Contractors  Hills,  and  a  projection  of  both 
angles  and  of  the  probable  curvature  of  the  beds  locates  them  at  about  the  depth 
indicated.  That  stronger  limy  sandstone  rocks  occiu:  below  the  green  clays  in  the 
vidnity  of  Contractors  Hill  is  certain;  that  they  occur  at  the  exact  depth  shown  on 
the  croBB  section  is  not  certain,  for  they  may  be,  say,  25  feet  higher  or  lower  than  the 
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elevatioii  there  recorded.  The  preeence  of  these  rocka  has  a  direct  relation  to  the  slide 
problem,  for  they  are  strong  enough,  except  where  &iulted,  to  limit  the  downward 
depth  of  any  deformative  movement  of  the  weak  green  clay  rocks  on  top  of  them. 
Unfortunately,  southward  of  station  1762  they  are  too  deep  to  prevent  present  deforma- 
tive movements  of  the  green  clay  rocks  above  them.  Northward  of  ^at  station  they 
come  to  the  surface  for  a  considerable  distance,  and  their  presence  is  marked  by  sos- 
tained  slopes  between  stations  1762  and  1749. 

Contractors  mil. — Contractors  Hill  is  a  cap  on  top  of  a  basalt  plug  which  came  up 
from  a  depth  of  probably  much  more  than  a  thousand  feet.  It  contains  fragments 
of  basalt,  and  consolidated  at  an  elevation  above  the  stability  of  its  foundation. 
Gravity,  cooling,  and  time  were  factors  that  caused  a  settling  back  to  equilibrium, 
as  it  has  done.  What  is  the  evidence  of  this  settling  back?  Plate  XIX  shows  a 
part  of  a  shear  plane  that  extends  around  the  canalward  side  of  Contractors  Hill, 
and  must  entirely  surround  it.  On  this  plane  is  a  hard  fragment  c;  inclosed  in  a 
softer  matrix  and  behind  it  (above)  is  a  sloping  little  ridge  of  softer  material.  This 
hard  fragment,  held  fast  in  a  softer  matrix,  had  a  part  of  this  matrix  scrubbed  away 
from  all  sides  of  it  except  that  on  the  upper  side,  the  side  opposite  to  the  direction  of 
its  motion.  This  and  other  similar  data  absolutely  establish  the  fact  that  the  last 
movement  of  this  mass  was  downward.  The  amount  of  this  downward  motion  is 
indicated  as  follows:  The  zone  of  crushed  rock  d  is  about  10  feet  wide.  This  wide  zone 
of  rock  has  been  crushed  and  highly  sheared  by  the  downward  motion,  and  the  expe- 
rience of  geologic  observation  of  many  different  kinds  of  faults  is  that  shear  zones  10 
feet  wide,  under  conditions  similar  to  these,  result  only  where  the  differential  move- 
ment of  the  rocks  has  been,  say,  more  than  300  feet.  Now,  it  is  evident  that  if  this 
great  roughly  circular  mass  of  rock,  after  having  come  up,  settled  back  through 
the  weaker  surrounding  rocks  a  distance  of  300  feet,  its  foundation  must  be  at  least  a 
thousand  feet  below  the  surface.  Therefore  it  seems  certain  that  the  unbalanced 
pressure  caused  by  the  excavation  of  a  few  himdred  feet  of  the  sur^e  material  will 
never  result  in  any  disturbance  to  such  a  deep  foimdation  as  that  of  Contractors  Hill. 
Of  course  local  masses  of  rock  will  crush  down  from  its  steep  slopes  occasionally,  and 
some  of  these  may  be  rather  extensive,  but  the  hill  mass  as  a  whole  will  remain  per- 
fectly solid. 

Gold  Hill. — Gold  Hill,  in  its  origin  and  composition,  is  somewhat  similar  to  Con- 
tractors Hill.  The  top  of  it,  however,  is  covered  with  a  thick  flow  of  hard  basalt, 
and  a  massive  basalt  dike  has  come  up  around  its  periphery  on  at  least  two  sides  (see 
PI.  XV).  The  downward  motion  of  Gold  Hill  is  evidenced  by  the  fact  that  the  small 
lava  breccia  mass  (^,  Plate  XX,  has  come  down  from,  and  is  a  fragment  of,  the  lava 
breccia  d.  With  other  sheared  material,  it  has  been  dragged  in  by  the  downward 
frictional  pull  of  the  hill  mass.  The  sheared  zone  c  around  the  visible  portion  of  the 
maigin  of  the  hill  is  as  great  as  that  aroimd  the  margin  of  Contractors  Hill,  showing 
that  the  downward  movement  of  both  masses  has  been  almost  equally  great,  and  that 
their  foundations  are  undoubtedly  several  hundred  feet  below  sea  level.  Gold  Hill 
is  also  greatly  strengthened  by  the  massive  lava  dike  that  comes  up  on  at  least  two 
sides  of  it,  as  shown  in  figure  1.  The  origin  of  this  lava  rock  (basalt)  has  certainly 
been  more  than  a  thousand  feet  below  sea  level,  and  its  strengthening  influence  is 
very  great. 

Faults. — ^The  extent,  direction,  and  dip  of  the  chief  faults  in  the  vicinity  of  Ouldl>ia 
are  shown  on  Plate  XV.  Most  of  these  diverge  outward  from  the  contact  zone  between 
the  two  solid  masses.  Contractors  Hill  and  Zion  Hill.  These  fault  planes  have  greatly 
weakened  the  already  weak,  friable,  greenish  clay  rock,  and  for  this  reason  the  '* storm 
center  "  of  ''breaks"  and  slides  for  Culebra  Cut  will  continue  to  be  here  until  perma- 
nent slopes  are  finally  established. 

Frobahle  limits  of  sliding  ground. — Lines  representing  the  probable  limits  of  sliding 
ground  are  shown  on  Plate  XV.  Such  lines  must  necessarily  be  more  or  leas  approxi- 
mate.   In  some  places  slides  may  reach  beyond  these  approximate  limits,  and  in  other 
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places  these  limits  may  not  be  reached.  On  the  whole,  however,  it  is  believed  that 
these  lines  represent  pretty  closely  the  area  of  ground  that  is  likely  to  be  disturbed. 
This  area  may  be  narrowed  down  somewhat  by  the  relieving  excavation  work  which 
may  be  completed,  say,  before  the  close  of  the  next  dry  season.  It  will  be  noted  that 
these  lines  converge  on  the  cut  about  station  1760,  and  are  comparatively  restricted 
for  the  next  1,000  feet  northward .  This  is  due  to  the  strengthening  effects  of  the  sandy 
limestone  and  limy  sandstone  beds  that  occur  toward  the  surface  there.  The  western 
slope  in  the  vicinity  of  1740  to  1745  will  probably  be  disturbed  to  a  rather  wide  extent, 
but  the  sliding  there  will  be  somewhat  superficial,  and  large  movements  of  the  break 
type  should  not  occur.  These  superficial  slides  are  due  largely  to  the  presence  of  the 
lens  of  greenish,  sandy  clay  rock  ^own  on  Plate  XV.  The  upper  part  of  this  becomes 
muddy,  and  any  material  that  may  overlie  it  easily  slips  into  the  cut. 

On  both  sides  of  the  canal  in  the  vicinity  of  stations  1737  and  1747  faults  have  dis- 
turbed the  strata.  These  faults,  however,  are  mostly  at  right  angles  to  the  cut,  and 
will  therefore  be  much  smaller  factors  in  producing  slides  than  would  be  the  case  if 
they  cut  across  with  diagonal  trend.  The  slides,  then,  along  near  the  above-named 
stations  give  no  evidence  of  assuming  very  lai^e  proportions.  Northward  of  these 
stations  in  the  region  mapped  the  sliding  problem  grows  less  until  the  Empire  breccia 
is  reached.  This  breccia  as  a  whole  will  not  slide,  though  local  masses  of  rock  may  fall 
from  its  steep  slopes.  In  conclusion,  it  may  be  said  that  the  crack  that  developed 
under  and  disturbed  the  Club  House,  Culebra,  was  due  to  renewed  movement  along 
an  old  minor  fault  plane.  All  the  ground  under  the  Club  House  may  slide,  but  the 
northwest  comer  of  the  building  is  not  more  than,  say,  100  feet  from  ground  that  will 
not  slide. 

Summary. — In  summary,  maximum  sliding  in  Culebra  Cut  will  occur  and  is  occur- 
ring on  the  west  slope  about  opposite  the  Isthmian  Canal  CommisHJon  Chapel,  because 
the  already  weak  rocks  there  have  been  greatly  weakened  by  faults  which  trend  diag- 
onally across  the  cut.  Belief  excavation  work  vigorously  pushed  ahead  in  this  vicinity 
will  greatly  ameliorate  conditions. 

PROBABLE   UMrrS   OF  SUDINO   GROUND. 

In  spite  of  much  subsequent  deepening  of  Culebra  Cut  with  some 
flattening  of  its  slopes,  the  ''probable  limits  of  sliding  ground" 
shown  on  Plate  XV  (made  in  1911)  hold  good,  with  some  exceptions, 
at  the  date  of  writing,  August,  1915.  In  a  memorandum  to  the 
Chairman  and  Chief  Engineer  of  the  Isthmian  Canal  Commission, 
dated  May  10, 1913,  the  writer  predicted  a  serious  slide  just  north  of 
Gold  Hill,  the  outer  limits  of  which  would  be  at  some  cracks  1,500 
feet  back  from  the  center  of  the  canal.  This  slide  will  be  far  out- 
side the  limiting  line  mentioned  above.  A  somewhat  xmlooked-for 
slide  on  the  east  side  of  the  cut,  between  stations  1746  and  1758  in 
February,  1913,  was  caused  by  two  large  fault  zones  which  were 
masked  by  sloughing  material  so  that  their  dangerous  character  was 
hidden  until  the  slide  came  down. 

SUMMARY. 

In  summary,  then,  the  structural-break  type  of  slide  was  due  to 
oversteep  slopes  in  places  where  the  banks  were  high  and  the  rocks 
weak.  The  remedy  was  to  unload  the  unbalanced  pressure  and  to 
reduce  the  slopes.  The  ends  sought  to  be  accomplished  by  the  rem- 
edy were  a  reduction  of  the  amotmt  of  excavation  that  otherwise 
would  be  necessary  and  noninterference  with  tracks,  drainage,  etc. 
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The  slopes  stood  at  a  much  steeper  angle  before  being  disturbed  than 
after  they  had  been  weakened  by  deformation. 

NORMAL  OR  ORAYrTY  SLmES. 

The  normal  or  gravity  type  of  slide  was  due  to  several  factors. 
Locally  along  Culebra  Cut  porous  material  lies  on  top  of  relatively 
impervious  clay,  shale,  or  igneous  rock.  Rain  and  ground  water 
saturated  this  porous  mass,  but  were  impeded  in  their  downward 
course  by  the  relatively  impervious  rock.  Thus  a  muddy,  slippery 
zone  was  formed  along  the  plane  of  contact  between  the  pervious 
upper  and  impervious  lower  materials.  When  this  plane  sloped 
toward  the  excavation,  or  where  there  was  thrust  or  head  of  pressure 
toward  the  excavation  from  higher  ground  in  the  rear,  a  slide  of  the 
normal  or  gravity  type  often  resulted  (PL  XXI  and  fig.  3).  Where 
bedding  and  joint  planes  dip  toward  the  excavation  and  intersect  the 
slopes  they  greatly  assisted  gravity  to  wedge  off  rock  masses.  This 
type  of  slide  had  certain  distinguishing  f  eatiures.  The  rocks  were  not 
deformed  or  weakened  below  the  plane  of  actual  sliding.  The  sliding 
material  moved  off  a  relatively  solid  base  and  this  base  was  not  pulled 
down  or  squeezed  out  by  the  frictional  drag.  Hence  these  slides  were 
not  as  destructive  as  the  break-deformation  slides  were,  for  they  did 
not  weaken  the  slopes  below  the  plane  of  actual  sliding.  No  saving  of 
excavation  could  ordinarily  be  accomplished  by  removing  material 
from  the  upper  parts  of  such  slides.  It  was  better  and  cheaper  to 
let  them  run  their  course  and  remove  them  from  the  bottom  of  the 
cut.  Drainage  was  almost  the  only  remedial  factor  that  could  be 
applied  to  them.  The  Cucuracha  sUde  (Pis.  XXIII  and  XXIV), 
active  at  intervals  since  the  French  company  began  operations,  was 
the  worst  slide  of  this  type. 

SUdes  of  the  normal  or  gravity  type  have  been  relatively  numerous, 
but,  with  the  exception  of  Cucuracha  slide,  less  important  and  much 
smaller  than  those  of  the  structural-break  type.  The  following  list  of 
these  slides  shows  approximately  how  much  material  each  involved: 

Extent  and  location  of  past  slides  in  CtUebra  Out. 


Location. 


East  side: 

Buena  Vi3ta 

Las  Cascadas 

Whitehouso 

Powder  house 

Empire 

Cucuracha 

Cucuracha  village . 

Paraiso 

Pedro  Miguel 

West  side: 

Whitehouse  yard . 

Cunette 


Total. 


Date  when  slide  first 
developed. 


May,  1912 

February.  1908.. 
October,  1906... 
October,  1909... 

May,  1912 

July,  1905 

September,  1911. 

March,  1907 

January,  1913 . . . 


June,  1912 

September,  1910. 


Quantltv  of 

mato-ial 
excavated. 


Cubic  faria. 

68,000 

683,000 

609,000 

613,000 

1,213,700 

6,359,500 

231,000 

385,000 

13,800 

75,000 
67,000 

9,218,000 


Area  of 

slide. 


AcrtM. 
1.2 
11.5 
6.0 

S.8 
20LO 

sao 

4.0 

5.7 

.2 

1.0 
,9 

106.3 
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For  nearly  a  year,  in  1912,  the  Cucu- 
raeha  slide  showed  little  movement, 
owing  to  the  fact  that  it  was  held  back 
by  lai^e  dikes  of  basalt  (see  PL  XV  and 
fig.  3) .  These  seemed  quite  large  enough 
to  limit  further  sliding  to  a  few  hundred 
thousand  cubic  yards.  However,  when 
the  cut  in  front  of  these  sustaining  dikes 
had  been  deepened  to  the  final  level  the 
earth  pressures  behind  them  became  so 
enormous  as  to  shear  and  crush  the  dikes 
and  start  almost  2,000,000  cubic  yards 
of  material  moving.  The  pressure  devel- 
oped by  this  slide  and  the  flatness  of 
the  slope  on  which  the  material  moved 
(see  figs.  3  and  9  and  PI.  XXII)  were 
most  astonishing.  However,  in  spite  of 
this  the  dikes  would  almost  certainly 
have  held  but  for  the  excessive  jointing 
that  had  rendered  them  much  weaker 
than  their  size  indicated.  Now  that  the 
cut  is  down  to  final  depth  in  front  of 
this  slide  the  latter  has  entered  its  last 
stage  of  activity,  and  a  year  or  two  of 
dredging  should  entirely  eliminate  the 
menace  of  this  slide. 

FAULT-ZONE    SLIDES. 


a 


The  third  type  of  slide  was  that  occa- 
sioned primarily  by  sheared  and  weakened 
zones  in  the  rocks,  due  to  fault  displace- 
ments. As  the  rock  masses  moved  past 
each  other,  in  the  adjustment  of  earth 
blocks  in  late  geologic  time,  the  frictional 
pressure  or  drag  was  often  great  enough 
to  crush  and  shear  the  material  for  sev- 
eral feet  on  each  side  of  the  plane  of 
movement  (Pis.  XV,  XIX,  XX,  and 
XXV).  Where  faults  of  this  kind  cut 
diagonally  across  the  canal  large  masses 
of  rock  in  the  acute  angle  between  the 
fault  plane  and  the  plane  of  the  canal 
slope  generally  fell  out  into  the  excava- 
tion. Where  the  fault  plane  had  a  considerable  dip  it  left  a  mass 
of  rock,  with  a  narrow  base  and  wide  top,  resting  insecurely  against 
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the  slippery  crushed  rock  of  the  fault  zone  and  quite  separated  by 
this  crushed  material  from  the  solid  rock  on.  the  other  side  of  the 
break.  This  development,  of  course,  threw  an  extra  strain  on  the 
base  of  the  f aulted-off  mass,  and  if  that  failed,  the  whole  block 
crushed  down. 

The  most  notable  slides  of  the  fault-zone  type  were  the  La  Pita 
slide  (PI.  XXVII)  and  the  large  sUde  (PL  XXVI)  that  occurred  about 
600  feet  north  of  La  Pita  between  Empire  and  Las  Cascadas  on  the 
east  side  of  the  canal.  In  both  cases  a  brownish  breccia  locally  covers 
a  dark-gray  volcanic  agglomerate  to  a  depth  of  60  feet,  the  whole 
forming  a  steep  bank  of  90  feet  at  La  Pita  and  of  over  125  feet  in  the 
case  of  the  other  sUde.  In  each  a  fault  (PL  XXV)  crosses  the  cut, 
making  a  diagonal  angle  with  the  trend  of  the  canal.  The  differential 
movement  of  the  rocks  along  this  fault  plane  had  sheared  and  crushed 
them.  This  plane  of  shearing  dips  northerly  at  an  angle  of  about 
65^,  thus  leaving  a  weakened  overhanging  mass  which  rested  inse- 
curely against  the  rocks  from  which  it  b^ad  been  faulted  off.  A  diver- 
sion ditch  on  top  of  the  bank  came  within  100  feet  of  the  slope  here, 
and  the  water  from  this  ditch  leaked  out  in  places  along  the  breccia- 
agglomerate  contact,  but  chiefly  along  the  sheared  fault  zone.  In  the 
case  of  the  northmost  slide  the  basal  agglomerate  contaiiied  volcanic 
mud-lava  flows  which  on  cooling  assumed  columnar  jointing  (PI. 
XXVIII),  and  these  joints  afforded  channels  for  the  invasion  of  seep- 
age and  ground  water.  The  water  softened  the  agglomerate,  espe- 
cially down  near  the  foot  of  the  slope,  where  it  was  already  weakened 
by  the  fault  zone  and  imder  great  strain  from  the  overhanging  mass. 
The  result  was  that  the  basal  agglomerate  failed  and  crushed  down 
under  the  weight  of  a  huge  block  of  the  breccia  that  contained  about 
20,200  cubic  yards  in  the  case  of  the  La  Pita  slide,  and  300,000  cubic 
yards  in  the  case  of  the  slide  600  feet  north  of  La  Pita. 

Among  slides  of  this  type  macy  be  classed  that  which  occurred  near 
the  division  office.  Empire.  It  was 'due  to  a  fairly  large  fault  which 
trends  across  the  canal  and  has  considerably  sheared  the  rocks  on  both 
sides  of  the  cut.  Because  of  the  higher  slope  more  sliding  occurred 
on  the  west  than  on  the  other  side  (PL  XXIX).  Here  the  crushed 
basaltic  rock  which  forms  the  ridge  on  which  the  office  stands  (build- 
ing near  left  side  of  PL  XXIX)  gradually  slid  on  a  steep,  slickensided 
slope  of  clay  and  sheared  rock,  letting  about  278,000  cubic  yards  of 
material  into  the  cut. 

The  fault-zone  type  of  slide,  unlike  the  others,  occurs  in  rocks  strong 
enough  to  stand  at  a  steep  slope  except  that  large  blocks  of  them 
are  weakened  by  diagonal  canalward  sloping  faults,  which  leave  over- 
hanging parts  of  large  rock  masses  resting  insecurely  against  slippery 
fault-zone  material.  Slides  of  this  character  were  not  common.  The 
only  remedy  for  them  was  to  lessen  the  slopes  in  the  vicinity  of  the 


